No. 5 
May, 1952 


SCIENTIFIC EDITION 


OURNAL OF THE 3 
AMERICAN 
SSOCIATION 


1852 1952 
CENTENNIAL | 


CONTENTS OF THIS ISSUE x 


i The Synthesis of Some Seieionted Pyridine and Piperidine Compounds from Dipicolinic Acid 225 
Myron R. Buchdahl and Taito Soine 
A Preliminary Phytochemical wor of Tillandsia usneoides L. (Spanish Moss 230 
M.G. Webber, W. M. Lauter, and P. A. Foote 
Antispasmodics. I. Phenyl! Esters of Beta Thalkylaminopropionic Acids 236 
Tatto O. Soine and Frank E. DiGangi 
ys Further Studies on the Bioassay of Veratrum viride 230 
Howard J. Jenkins and B. V. Christensen 
Determination of Heavy Metals in Pharmaceutical Chemicals 242 
Frederick N. Stewart and Clifton W. Strode, Jr 
The Manufacture of Compressed Soluble Tablets 245 
G. J. Sperandio and H. G. DeKay 
Filter Technique as a Factor in the Stability of Thiamine Hydrochloride Injections 248 
Abraham Taub and Sidney Paikof 
Preparation and Storage of Autoclaved Pectin Solutions 251 
H. Schultz, H. Lotskar, H. S. Owens, and W. D. Maclay 
Certain Substituted Thiobisacetamic Acids and Their Salts 257 
Lewis C. Lappas and Glenn L. Jenkins 
A Simple Method for the Determination of Organic Bound lodine 260 
Bennie Zak and Albert J. Boyle 
The Arginase-Alkaloid Relationship in Datura (atula | 263 
Willard C. Fuller and Melvin R. Gibson 
The Colorimetric Determination of Salicylates 267 
R_ E. Pankratsz and F. J. Bandelin 
A Polarographic Study of Some Veratrum viride Alkaloids 270 
E Walassek and A. Pircio 
Synthesis of Mersaly!l Analogs 273 
William O. Foye, Hemant M. Kotak, and John J. Hefferren 
The Determination of Histamine in Pharmaceutical Products by Means of 2 4- Dinitrofluorobenzene 277 
Floyd C. Melntire 
A Colorimetric Assay for Pilocarpine and Its Salts 278 
John W. Webb, Ray S. Kelley, and Arthur J. Mc Bay 7 
The Determination of Carvone in Oil of Spearmint 280 
LaVerne D. Small, James E. Dusenberry, and Walter 7. Gloor, Jr 
A Note on an Apparatus for Prolonged and Repeated Intravenous Infusions in Large Animals 283 
Lawrence E. Detrick and Bonnie Rhodes be 
Book Reviews 284 
Advertising Cover pages 2, 3, 4, and pp. I-IV . 


Copyright, 1952, by the American Pharmaceutical Association 


Vol. XLI 


inthe USA. 
use MMER 
ESSENTIAL 

als 


Favorites with druggists since 1895. 
Complete stocks with your wholesale druggists. 


Me Mabe tiie. 


Vinee OME OF THE WORLD'S GREATEST SUPPLIERS OF ESSENTIAL OILS 
16 Desbrosses Street. New York 13.N.¥. - 221 North La Salle Street, Chicago 1, Iilineis 


| 


JOURNAL OF THE 
AMERICAN PHARMACEUTICAL ASSOCIATION 


SCIENTIFIC EDITION 


Committee on Publications Editorial Advisory Board 


George D. Beal, Chairman L. W. Busse 
B. V. Christensen John E. Christian 
Robert P. Fischelis George P. Hager 
Don E. Francke L. W. Hazleton 
Hugo H. Schaefer Elmer B. Vliet 

H. W. Youngken, Jr. 


Justin L. Powers, Epitor 


Vivian Oviatt, Epiroriav AssisTANT 


NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—-All manuscripts submitted to the of procedure. The introduction should be followed 
Editor or presented to the Sections of the Associa- by a report of the essential details of the experi- 
TION should be ready for publication, typewritten mental work, and a discussion or interpretation 
with double spacing on one side of good quality where necessary. Finally there should be a brief 
paper 8.5" x 11” in size and with 1” to 1.5" margins. summary of conclusions and recommendations. 
In addition to the original typewritten copy, one or Authors may find it helpful to arrange manuscripts 
more carbon copies should be submitted in order to conform to the style of presentation as illustrated 
to facilitate examination by members of the Editorial in papers on analogous subjects published in recent 
Advisory Board or other referees. Each manuscript issues of Tuts JoURNAL 
should be accompanied by an abstract of not more 
than 200 words which includes a summarization of 
conclusions and recommendations. All pages in 
manuscripts, including tables but not figures, should 
be numbered consecutively. Previously published 
and readily accessible procedures which have been 
followed in experimental work should not be made 


In preparing manuscripts for publication in Turs 
JouRNAL, center headings should be avoided as far 
as possible. Side headings followed by a period 
and dash should be indented and run into the part 
of the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
n tions should be numbered consecutively in order of 
a part of the manuscript, but should only be referred — appearance in the manuscript and should be indi- 
to by appropriate literature references. cated by full-sized Arabic numerals enclosed in 

Form of Presentation.Titles of manuscripts parentheses. If a literature reference is cited more 
should be kept as short as possible and preferably than once in a manuscript, subsequent citations 
restricted to one line. The name of the laboratory should be indicated by the first number assigned. 
in which the work described was done should be References to footnotes throughout the text should 
placed in a footnote at the end of the first page. be numbered consecutively by superscript Arabic 
Each manuscript should begin with one or more numerals, but such references in each table should 
introductory paragraphs indicating the intention be designated by superscript lower case letters 
and meaning of the investigation and the method _ beginning with ‘‘a’’ and continuing in natural order. 


Published by the American Pharmaceutical Association under supervision of the Committee on Publications with the 
approval of the Council. Publication office, 20th and Northampton Sts., Easton, Pa. Editorial office: Scientific Edition, 
2215 Constitution Ave., N. W., Washington 7, D. C 

Annual Subscription—Journal of the American Pharmaceutical Association, complete (both editions): United States 
and Pan America, $7.00; Canada, $7.70; other foreign, $8.00; members of the American Pharmaceutical Association with 
dues, $4.00. Each edition, Scientific Edition or Practical Pharmacy Edition: United States and Pan America, $4.00; Canada, 
$4.35, other foreign, $4.50. Single numbers, either edition: United States and Pan America, $0.35; Canada, $0.40; other 
foreign, $0.50 

Claims for missing numbers will not be allowed (1) if received more than 60 days from date of issue, (2) if loss was due to 
failure to give 30 days notice of change of address, or (3) if reason for claim is ‘‘ missing from files."’ 

Entered as second-class matter January 23, 1917, at the Post Office at Easton, Pa., under the act of March 3, 1879, as 
24 times a year; Scientific Edition monthly on the fifth; Practical Pharmacy Edition monthly on the 20th. Acceptance for 
mailing at a special rate of postage provided for in Section 1103, Act of October 3, 1917, authorized July 10, 1918 


_ ‘ \ 
| 


II JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Literature citations should be grouped at the end of 
the manuscript under the heading “References."’ 
All bibliographic references should be checked with 
the original publications The citations should 
be numbered consecutively with full-sized Arabic 
numerals enclosed in parentheses corresponding to 
the numbers used in the text. The names of all 
periodicals cited in the list of references must be ab- 
breviated in accordance with abbreviations given by 
Chemical Abstracts in its “List of Periodicals Ab- 
stracted.”" The sequence followed in the citations 
must be as follows: 

(1) Doe, J. B., Am. J. Phsyiol., 79, 289(1927) 

References to books should be in the order given, 
(1) author's surname and initials, (2) title of the 
book, (3) volume, (4) edition, (5) name of publisher, 
(6) place of publication, (7) year of publication, 
and (8) page number. A complete book reference 
may be illustrated as follows: 
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definite weights, measurements, percentages, and 
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and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e. g., 10 Gm., 2.5 ce., ete 
The forms to be used are: cc., Kg., Gm., mg., mm., 
em,, and L 
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The size of illustrations should not exceed the 8.5" x 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 
width should be accentuated where possible 

Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 
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cated in pencil outside the axes, in order that they 
may be set in type. Captions and legends should be 
placed below the diagram (not on it), or, if lengthy, 
coliected on a separate typewritten list, identifying 
each by its proper figure number and including 
whatever acknowledgments are necessary. 

Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indentation 
in the photograph. All drawings and photographs 
should be protected from bending and from the 
chance of having their edges torn while in transit 
Do not write on the back of a photograph. Any 
indentation in the photograph, however slight, will 
be likely to show as a blemish in the reproduction. 
All figures submitted must be referred to in the text 
of the manuscript, and should be numbered consecu- 
tively with Arabic numerals, e. g., Fig. 1, Fig. 2, ete. 
Kymograph tracings should not be submitted with 
the original experimental legends which are likely to 
have been hastily or carelessly inscribed. Authors 
may find it worth while to employ a professional 
draftsman to make the drawings in proper form for 
reproduction 

Tables.--Tables should be carefully constructed 
so that the data presented may be understood easily 
The indiscriminate use of tables should be avoided. 
Tables should be constructed so as to occupy fully a 
single column (2.75"') which will take about 40-50 
characters and spaces. Tables which require two 
columns are also acceptable. Interpretative state- 
ments should not be written on the body of a table 
but should be explained in footnotes. Column heads 
should be made as small as possible and standard 
abbreviations should be used liberally. Data which 
may easily be deduced by simple arithmetic from 
data in another column should not be included. All 
tables should be referred to the text of the manu- 
script. Every table and every column should be 
supplied with an appropriate heading. It is not 
necessary to place tables on separate sheets, and in 
fact it is preferable to intersperse them in the 
manuscript. Tables should be numbered consecu- 
tively using Roman numerals. The table number 
and the title should be placed in a continuous head- 
ing above the data presented. The preparation 
of a clear and concise table of data requires much 
planning and infinite care. 


A. Pa. A. 


Clinical Toxicity of Thiouracil 
Suggested P 
Practical Git 


Proposed Ur 


Pictures 
Frederick B. Power 
Pharmakeutike Sculptural Panel 


A. Pu. A. Code of Ethies 
Badianus Manuscript 


LIST OF MISCELLANEOUS REPRINTS 


Interesting and Instructive Pharmaceutical Articles 


cial Roster and Pharmaceutical Directory 
Are Animal Experiments Needed? by A.C 


lans for Hospital Pharmacies 

jes to New F.D.A. Labeling Regulation 

niform State Pharmacy Act 

The Relation of the Pharmacopoeia to the Pharmaceutical Profession 
Report on a Collaborative Study of the Assay of Ergot, by R. G. Smith 
Survey of Pharmacy Laws, by P. A. Costello 


($1 each; $1.50 any 2) 
Phos- Kai-Elpis 
The Laboratory (a famous misnamed picture) 


Miscellaneous Items 
In two cok 
color plate reprint, 50¢ 

The Oath and Prayer of Maimonides (2 colors), 25¢ 
Table of Metric Doses, 1 'y¢ each, 100 for $1.25 


(154 each). 


. Ivy and Zobel 


Sculptural Panel 


sizes 12 x 18" of 10 x 13!')", 25¢ 


ly 
‘ 
— 
| 
| 
| 
| 
| 
| 


May, 1952 Screntiric Epir1on 


Scale illustr Our scales have no bends or wires 
No. 540 all Gless Medel High quality 


Capacity—4 or (120 grams) Prescription 
ight’ mahogany Scale made by 
Price—$135.00 (subject to HENRY TROEMNER 
change without notice) Manufacturer of the Finest 
PROMPT DELIVERY * Scales for the Druggist 
on this as well as other class A ; Since 1840 
scales 
911 Arch Street 
Philadelphia 7, Pa. 
(Send for Circular A-A) 


The Massachusetts College of Pharmacy 
Longwood Avenue, Boston 


Graduate study in Boston has always appealed strongly to students in 
the field of medicine and public health. The environment is stimulating 
and attracts students from all parts of the world. Library, laboratory, 
hospital, and other facilities for graduate work are outstanding in this 
area. 
The Massachusetts College of Pharmacy is located in a great medical and educational center. 
It offers unusual opportunities to graduates of colleges of pharmacy who are interested in fur- 
ther study in pharmacy, pharmaceutical chemistry, and pharmacognosy. A few fellowships are 
available. 


For additional information, write to HOWARD C. NEWTON, Dean 


WANTED— JOURNALS OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 
SCIENTIFIC EDITION 


1912: March, April, May, June. 1914: June, August, September, 
October, November, December. 1915: All issues. 1916: January, 
February, April, May, August, December. 1917: March. 1918: 
January, February, April, May, December.' 1919: January, August, 
October. 1920: January. 1940: January. 1941: April. 1944: January, 
April, June, August. 1945: January, February, March, June. 1946: 
January, February, March, April. 1949: January. 1950: January. 
1951: April. 


PRACTICAL PHARMACY EDITION 
1941: January. 1945: April. 1946: January, February. 


Special offers for these issues will be quoted upon request. 

Please ship to the American Pharmaceutical Association, 2215 Constitution Ave., N. W. 
Washington 7, D. C. Number each package in the shipment consecutively starting with 
“one” and mark clearly the name and address of the sender. Mail packing lists to the 
American Pharmaceutical Association. 

List of May, 1952, subject to withdrawal without notice 


ul 
_— 
we 


AMERCHOLS 


are Naturally superior 


The AMERCHOLS are surfactants which are NATURALLY good for the 
skin and hair. They are odorless, color free forms of cholesterol and 
related rare sterols which we isolate in purified form from animal 
tissues. They are stable in the presence of acids, alkalies and most 
drugs. 


WE KNOW OF NO CASE OF ALLERGY DUE TO AN AMERCHOL 


MR. PHARMACIST, is your Son or Daughter planning on 


Great opportunities for interesting and successful a career tn PHARMACY? 
future careers await young people pursuing B.Sc. 

courses of study in Pharmacy, and in Bacteriology, Biology and Chemistry at this 
institution, oldest of its kind in the Americas. Graduate studies leading to MSc 

and D.Se. degrees also offered. Write for free catalog 


Philadelphia College OF PHARMACY AND SCIENCE 


43rd St., Woodland and Kingsessing Aves., Philadelphia 4, Pa. Founded in 1821. 


BOUND VOLUMES 


Journal of the American Pharmaceutical Association, $10.00 
Order from the Association 


2215 Constitution Avenue, N.W., Washington 7, D. C. 


PHARMACEUTICAL CHEMIST 


New Dru S Exceptional opportunity with established 
professional Association Chemist with 
thorough pharmaceutical background with 


experience in pharmaceutical control field, 
for the development of analytical controls 


Formula Development ° Special Analyses and procedures, and for studies related to 
Litigation - Phenol Coefficients pharmaceutical formulations Ph.D. pre- 


ferred. Submit detailed information in- 


M4 cluding references 
LaWall & Harrisson Box 152, Scientific Edition, Journal of the 


Div. P, 1921 Walnut St., Philadelphia 3, Pa. American Pharmaceutical Association, 2215 


Constitution Ave., N.W., Washington 7, D.C. 
Bacteriologists - Chemists - Pharmacologists 7 


CHOLESTERO| 
IN ITS 
\\ MOST ACTIVE AND EFFICIE 
the NT FORM \ 
/ 
\ 
sti. \ val 
a —\ Our research laborctories are available te you for advice and inform- a 
ation. Our booklet will help you formulate the AMERCHOLS in 
; 2) and W/O emulsions. 
i 
| 
0 
Bio-assays - Toxicological Studies 


Scientific Edition 


JOURNAL OF THE 
AMERICAN PHARMACEUTICAL 
ASSOCIATION 


Votume XLI 


NuMBER 5 


MAY, 1952 


Consecutive No. 10 


The Synthesis of Some Substituted Pyridine and 
Piperidine Compounds from Dipicolinic Acid* 


By MYRON R. BUCHDAHL{ and TAITO O. SOINES$ 


A general procedure for the synthesis of pyri- 

dine carbinols by the condensation of dipi- 

colinic acid with aldehydes and ketones and 

their reduction to the corresponding piperi- 

dine and N-methylpiperidine derivatives has 
been 


paren and co-workers at Schering Labora 
tories, while making a series of pyridyl- 
substituted alkamine ethers in 1949 (1), synthe- 
sized a-hydroxybenzylpyridine along with several 
other intermediate compounds. This type of 
compound appeared to be well worth investigat- 
ing for two reasons: 

(a) Compounds of the a-hydroxybenzylpyri 
dine type structure would warrant study from 
the standpoint of possible antispasmodic activity 
because the structure has a formal although dis- 
tant similarity to that of papaverine. Inasmuch 
as tetrahydropapaverine retains significant anti- 
spasmodic activity, the reduction of the pyridine 
ring should give potential antispasmodics as well. 
This has been partially confirmed by Winterfeld 
(2), who showed that a-(N-methylpiperidyl) 
methylpropvlearbinol has papaverine-like action 
on the muscles of the intestine. 


* Received November 5, 1951, from the University of Min 
nesota, Minneapolis 

t Abstracted from a thesis presented to the Graduate 
Faculty of the University of Minnesota by Myron R. Buch 
dahl in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy 

t Associate Professor of Pharmaceutical Chemistry, Col- 
lege of Pharmacy, University of Arizona, Tucson 

§ Professor of Pharmaceutical Chemistry, 
Pharmacy, University of Minnesota, Minneapolis 


College of 
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(b) Reduction of the pyridyl nucleus to the 
corresponding piperidine nucleus gives structures 
that have a similarity to ephedrine. Marsh (3) 
has pointed out that increasing the molecular 
weight of the N-substituent in the potent pressor 
substance, arterenol, has a marked effect toward 
lessening the pressor action. In a series of N- 
alkyl arterenols he found that, in the case of the 
secondary and tertiary butyl derivatives, the 
pressor effect is absent but a depressor effect is 
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piperidine 
quite prominent. On this basis it would be 
reasonable to expect the reduced compounds to 
have a lessened pressor effect and quite possibly 
a depressor effect. The preliminary pharmacolo 
gical testing has borne out this prediction. 

From a survey of the literature, the most favor- 
able approach to the problem was to synthesize 
such pyridine carbinols by a procedure that had 
been utilized not only by Sperber (1) but also by 
Dyson and Hammick (4). This method con 
sisted of refluxing an a@-pyridine carboxylic acid 
with an aldehyde or ketone for which the reflux 
ing temperature was somewhat higher than the 
decarboxylating temperature of the pyridine acid. 
Although the yields are low, the ease of operation 
and isolation of the carbinol renders the method a 
useful procedure. 


N 
COOH 
R 


C—R’ + CO, 
N 
OH 

Dipicolinic acid was deemed preferable to a 
picolinie acid for the following reasons: 

(a) The products from a-picolinic acid are 
identical with those prepared from dipicolinic 
acid, This was shown by condensing propio 
phenone with each acid and comparing the prod 
ucts by mixed melting points and also by analy- 
sis. The only exception encountered was the di 
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carbinol obtained from the condensation of 
benzaldehyde with dipicolinic acid. This atypi- 
cal compound had previously been prepared by 
Soine and Andersson (5) from the reduction of 
2,6-dibenzoylpyridine with platinum oxide at 
low temperatures and pressure. The latter, how- 
ever, erroneously reported the compound to be 
2,6-dibenzoylpiperidine. This discrepancy was 
shown beyond all doubt when a mixed melting 
point taken of the dicarbinol condensation com- 
pound and the original sample of supposed 2,6- 
dibenzoylpiperidine showed no depression. 

(b) At the outset of the research it seemed 
possible that aldehydes other than benzaldehyde 
might be found to yield bilateral substitution 
products. These would be of interest in permit- 
ting a comparison of mono- and di-substituted 
compounds, 

(c) Dipicolinie acid is easily prepared by the 
permanganate oxidation of commercially obtain 
able 2,6-lutidine (6). This oxidation is as easy to 
perform as the oxidation of a@-picoline to a-pico- 
linic acid by permanganate and permits the iso 
lation of the free acid in contrast to a@-picolinic 
acid which is isolated as the hydrochloride. 

(d) On the basis of the yields obtained from 
condensing dipicolinic acid with propiophenone 
and a-picolinic acid with propiophenone, it 
seemed probable that dipicolinic acid would give 
better yields of monosubstituted products than 
a-picolinic acid. This would be a consequence 
of the bilateral nature of dipicolime acid which 
offers two a@-positions for the decarboxylation re 
action instead of the single position in @-picolinic 
acid, 

Ashworth and Hammick (7) had suggested 
that the mechanism of the condensation reaction 
is similar to the cyanohydrin addition reaction 
for aldehydes and ketones. It is also feasible to 
conceive of the formation of a “‘Zwitterion”’ by 
the free acid and subsequent addition to the alde 
hyde or ketone as follows: 
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During the preparation of the compounds 
found in Table I, over 40 reactions were at 
tempted, and as a result the following generaliza- 
tions can be made: 

(a) The greater the ratio of aldehyde or ke- 
tone to diacid the better chance there is for the 
condensation to occur. 

(6) Heating at temperatures below the boiling 
point of the reaction mixture but still sufficient 
to cause decarboxylation enhanced the vields 
somewhat, 

(c) The use of an impure aldehyde or ketone 
resulted in a decreased vield of product. 

(d) The properties of the carbinols vary some 
what and in order to obtain optimum conditions, 
each reaction should be studied as a separate 
entity. 

Those pyridine compounds that could be con 
verted to water-soluble salts have been tested by 
Dr. Wallace White of this college for antispasmo 
dic activity. Preliminary pharmacological study 
has shown these compounds to possess antispas- 
modice activity in a varving degree. The results 
of this testing will be published by Dr. White in 
a later paper. 

The compounds that are found in Table II 
were prepared by the catalytic hydrogenation of 
the corresponding carbinol of pyridine with plat- 
inum oxide in an acidic alcoholic medium. The 
vields obtained were very low, possibly due to 
cleavage of the pyridine ring under the conditions 
of the reaction. A single form was isolated in all 
cases with one exception. These compounds 
have been tested for their circulatory activity, 
and preliminary pharmacological study indicates 
that these monosubstituted compounds are more 
active than the two forms of 2,()-di-(a@-hydroxy- 
benzyl)-piperidine which were prepared by the 
catalytic reduction of the corresponding dicar 
binol. These latter compounds have previously 
been reported by Soine and Andersson (5) and 
later by Jenkins and Bachmann (8). All of the 
monosubstituted compounds exhibited a depres 
wor effect. In the near future, these compounds 
will also be tested for antispasmodic action, and a 
full report of the pharmacological activity will be 
made by others 

It seemed advisable to prepare and test some 
of the N-methylpiperidine derivatives as well as 
the piperidine compounds. Because of the small 
amounts of reduced forms available, it was not 
practical to prepare the N-methyl forms from 
the piperidine homologs. As a result, the un 

reduced pyridine carbinols were converted to 

quaternary salts by refluxing with dimethyl sul 
fate in ether. The quaternary salts were then 
reduced in the same manner employed for the 
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piperidine compounds. The compounds found 
in Table III were prepared in this manner. These 
compounds have been tested for circulatory ac 
tivity, and preliminary pharmacological findings 
show them to be more toxic and possibly more 
active than are the piperidine compounds. The 
action was depressor in nature. As in the case of 
the piperidine compounds, the N-methyl! deriva 
tives will also be tested for antispasmodic action 
and reported on later by others. 


EXPERIMENTAL 


The Condensation Reaction... The pyridine de 
rivatives described in Table I may be prepared in 
the following manner. A ratio of 20 moles of alde- 
hyde or ketone to 1 mole of dipicolinic acid is placed 
in an ordinary reflux setup and refluxed for a period 
of thirty hours or until carbon dioxide ceases to be 
evolved. Upon cooling, 300 cc. of ether is added 
to the reaction mixture. This ethereal extract is 
then shaken with 5% (w/v) hydrochloric acid until 
the extractions fail to give a cloudiness with sodium 
carbonate. The combined extractions are washed 
with three generous portions of ether and warmed 
on a steam bath to an ether-free condition. The 
aqueous solution is brought to a pH of about & by 
carefully neutralizing with powdered sodium carbon 
ate. The crude base is extracted from the alkalin 
ized mixture by shaking with ether. The ethereal 
extractions are washed with water and dried over 
anhydrous sodium sulfate. If the free base is to be 
isolated, it is obtained by evaporating the ether from 
the ethereal extract and then crystallizing the resi 
due from diluted alcohol. To obtain the hydro 
chlorides, a dried ethereal solution of the free base is 
treated with a slight excess of ethereal hydrogen 
chloride. The resulting precipitate of the base hy 
drochloride is recrystallized from a mixture of ab 
solute alcohol and ether. In a few cases it was found 
impossible to prepare a crystalline free base, and in 
some cases a crystalline hydrochloride could not be 
prepared. Only in the case of the reaction product 
of dipicolinic acid with valerophenone and 2,4-di 
hydroxvbenzeldehvde, respectively, was it impos 
sible to obtain either the free base or hydrochloride 
in a crystalline state. The compounds prepared are 
described in Table I 

The Catalytic Reduction of a-Pyridine Carbinols. 

A mixture of the material to be reduced, 200 ce. of 
absolute alcohol (slightly acidified with alcoholic 
hydrogen chloride) and 0.25 Gm. of platinum oxide 
per 5 Gm. of material to be reduced was introduced 
into a '/.-L. pressure bottle 

The reductions were carried out in a Parr low 
pressure hydrogenation apparatus at an initial pres 
sure of 45 p. s. i. of hydrogen. Upon completion of 
the hydrogenation, the catalyst was removed by 
filtration. By alternately chilling and concentrat 
ing, the various reduction products were obtained 
by fractional crystallization Each fraction was 
then recrystallized several times from absolute al 
cohol and absolute ether. The compounds prepared 
are described in Table LI 

The Preparation and Hydrogenation of Quater- 
nary Salts. —Quaternary salts were prepared by re- 
fluxing the free bases of pyridine carbinols with an 
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TABLE I1.—-HyDROCHLORIDES OF PIPERIDINE CARBINOL DERIVATIVES 


Com- HCl 
pound Obtained 
Reduced (Piperi- 
(Pyridine dine 
Car- Car- Actual 
binol),  binol), cl 
Molecular Formula Gm c. Analysis 
CyHyNO-HCI 2¢ 
0? 
Cy,H»NO-HCI 2.5° 
HCl 9 
OCH, (4) 3.5° 
(Cl). (3, 4) 
CH, (4) 
OCH; (4) 5° 


“ Crystalline hydrochloride 
Crystalline free base 
© Oily free base. 


Tap_e oF V-METHYLPIPERIDINE CARBINOL DERIVATIVES 


R 


N C—R 
Pyridine - 
i OH Carbinol Methy Actual 
CH; Molecular Used, ; 1 cl 
R’ Formula Gm HCl Analysis 


CopHos HCI" 


CoH; 
CsH (OCHS) (4) NO,- HCl 
C.H,—CH,; (4) CyyH»NO-HCI 


| 


® This compound is a symmetrical disubstituted dicarbinol 


excess of dimethyl sulfate in an ether medium on a 2. Eight new piperidine monocarbinols were 
steam bath for one hour. Upon chilling, the qua- 
ternary salt separated from the ethereal solution as 
an oil. The oil was washed several times with an- 
hydrous ether until free of dimethyl sulfate. The inary pharmacological investigations showed 
oils were reduced in exactly the same manner as these compounds to have a definite circulatory 


were the pyridine compounds. effect. In the near future they will be tested for 


prepared by the catalytic hydrogenation of the 
corresponding pyridine monocarbinols. Prelim 


The reduction mixture, upon completion of hydro 
genation, was stripped of its solvent. The residual : At. 
oil was dissolved in water and neutralized with 3. Five new N-methylpiperidine compounds 
sodium carbonate. The N-methylpiperidine free were prepared by the catalytic hydrogenation of 
base was extracted with ether and the ethereal solu the corresponding quaternary pyridine methosul- 
tion was dried over anhydrous sodium sulfate. These i 
slight excess over the theoretical amount of ethereal — 
hydrogen chloride was added to the ethereal solu exert a circulatory effect that is similar to that 
tion and the N-methylpiperidine hydrochloride exhibited by the piperidine homologs. The N- 
separated as an oil. The resulting oils were crystal- methyl compounds, however, appear to be more 
lized from a mixture of acetone and ether. Once 
crystallized, these compounds were easily recrystal- 
lized from absolute alcohol and absolute ether. The 
compounds prepared are described in Table II. others. 

Attempts to reduce the methiodide of di-(a-hy 
droxybenzyl pyridine resulted in failure. 


antispasmodic activity. 


toxic. These compounds will also be tested for 
antispasmodic action and will be reported on by 
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A Preliminary Phytochemical Study of Ti/landsia 


usneoides L. (Spanish Moss)* 


A phytochemical study of Tillandsia usneoides 
L. (Spanish moss) was made. A flavonol 
type of glycoside having weak antibacterial 
(M. aureus) action was isolated. Attempts 
to obtain it in crystalline form were unsuc- 
cessful. Chromatographic ‘eparation by 
means of activated alumina proved to be a 
satisfactory method for the processing of 
large quantities of plant material. The pres- 
ence of the glycoside appeared to vary greatly 
with changes in seasons and humidity. 


J of Spanish moss have been 

largely limited to its application in the up 
holstery industry or to ash analyses. Schorger 
(1) made a carbohydrate analysis of Spanish 
moss in 1927. He reports a methyl-phenol- 
ether-glucoside, thought by us to be of a flavonolic 
nature. The inorganic analyses of Spanish moss 
were begun as early as 1865 by De Luca (2). 
Others making ash and elemental analyses in 
clude Pickell (3) in 1890, Halligan (4) in 1909, 
and Wherry and Buchanan (5) in 1926. The 
results of their work vary considerably according 
to the location from which the moss was ob- 
tained. Elements reported and the ranges of 
their concentration include sodium calculated as 
sodium oxide 2.7 to 25 per cent of the ash, po 
tassium oxide 6-25 per cent, calcium oxide 
3-12 per cent; also present are magnesium, iron, 
aluminum, phosphorus, and chlorine. The water 
content of the green moss ranges from 60 to 70 
per cent during the summer months. The 
protein content (14 per cent) was also reported 
by Pickell (3). In 1904 Billings (6) reported 
the growing habits, ability of the Spanish moss 
to withstand drought, and a histological study 
of the various plant parts. 

A preliminary report by Weld (7) in 145 
stated that alcoholic extracts of Spanish moss 
possessed antibiotic activity. The latest pub- 
lication concerning Spanish moss was a report of 
the ascorbic acid and carotene content by French 
and Abbott (8). 
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The initial steps in this investigation consisted 
of numerous small extractions (50-100 Gm.) to 


determine the optimum conditions and solvents 
for a large extraction. These extracts were 
routinely tested against Micrococcus pyrogenes 
var. aureus for germicidal activity using the 
twenty-four-hour F. D. A. agar cup method. 
During this interval it was found that the germi- 
cidal activity varied with the season, occurring 
most abundantly during the summer months and 
being absent in extractions made between mid- 
December and early May. No germicidal 
activity was found in extracts made from dried 
or dead moss. 

Methanol, ethanol, and acetone appeared to 
be equally effective as extracting solvents, but 
acetone was used because of its more selective 
action, and the ease of its removal by extraction 
with petroleum ether and chloroform in the 
process of removing other interfering extracted 
substances. The use of chromatography with a 
column of activated alumina served to further 
purify and concentrate the extract. 

Chromatography of the wash solutions (petro- 
leum ether and chloroform fractions) and their 
constituents indicate that Spanish moss _pro- 
duces a number of substances, several of which 
are worthy of further study in addition to com- 
pletion of the work begun here. 

The tough inner hair of the Spanish moss 
presented a special grinding problem in that the 
long strands quickly clogged any worm-gear 
type grinder. This problem was solved by the 
use of a tractor-powered hammer mill. The 
particle size was not as fine by this method as 
was obtained with the Waring blendor; there- 
fore, the acetone extraction was followed by a 
water extraction and processing of the aqueous 
extract by the lead method. The processing of 
the acetone extract and chromatography of the 
larger volume followed the results obtained in 
the earlier studies with 50-100 Gm. samples. 

Studies of the chemical nature and determina- 
tion of the physical properties of the antibiotic 
principle have not been as specific as desired 
since the extreme hygroscopic nature of the 
substance and the inability to obtain a pure 
crystalline product have been major obstacles in 
this work. General characteristics of the ma- 
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terial indicate a difficultly hydrolyzable glyco- 
side of a flavonol-type compound. 


EXPERIMENTAL 


Choice of the Method and Solvent. Extractions 
were made on 50-100 Gm. samples of Spanish moss 
to determine the best solvent for a selective extrac- 
tion. Special attention was directed toward the iso- 
lation of the antibiotic principle reported by Weld 
(7). Therefore, samples of the Spanish moss were 
tested against Micrococcus pyrogenes var. aureus 
(Staphylococcus aureus) using the twenty-four-hour 
F. D. A. agar cup method, 0.2-cc. sample per cup. 

It was found that comminution with the Waring 
blendor followed by maceration for six to twelve 
hours gave the best zones of inhibition with little 
difference in inhibition being shown with extracts of 
methanol, ethanol, and acetone. Chloroform, benz- 
ene, ether, and petroleum ether extracts showed no 
bactericidal activity. Iron, zinc, and copper filings 
had no effect and it was concluded that the type of 
maceration vessel for a large extraction was imma- 
terial. The extracts from each of the above deter- 
minations showed a 1.5 to 2.0 mm. zone of inhibition 
on samples in which the volume was adjusted to I 
ee. of extract, equivalent to 1 Gm. of the fresh 
moss. A solvent blank was run for each sample. 

It was found that by extracting the above extracts 
with petroleum ether (b. p. 40-60°) an immiscible 
system was formed with each of the three solvents 
(ethanol, methanol, acetone), and that chlorophyll 
and other pigments could be effectively removed. 
Gilbert (9) suggested this technique particularly in 
reference to the acetone extract. Chloroform was 
also found to form an immiscible system with the 
original acetone extract due to the high water con- 
tent of the moss extract after the petroleum ether 
treatment. 

Acetone was accordingly chosen as the solvent. 
The acetone extract from the moss was a clear green 
solution heavily laden with chlorophyll. After 
shaking out with petroleum ether, the volume of the 
acetone extract was reduced approximately 30%. 
At this point the color was yellow to yellowish green. 
On shaking out with chloroform, a much larger 
portion of the acetone was removed so that the aque- 
ous portion was reduced to 10-30% of the original 
volume according to the water content of the origina! 
moss. The color of the aqueous acetone portion was 
a clear red. This color change is thought to be due 
at least in part to the acid content of the chloroform 
since the acidity was increased during this step, and 
on neutralization the color reverted to yellow. The 
extract showed a stronger bactericidal activity than 
the earlier tests, a 0.2-cc. sample showed a 1.0 to 
1.5 em. inhibition zone. The chloroform-acetone 
portion occasionally showed slight activity, but this 
loss was considered negligible in view of the function 
of chloroform in removing wax and remaining por- 
tions of the pigments. Germicidal tests of the pe- 
troleum ether fraction of the acetone extract were 
invariably negative 

Treatment of the aqueous acetone extract after 
successive extraction with petroleum ether and chlo- 
roform with a 10% lead acetate solution yielded a 
copious green precipitate which could only be fil- 
tered with the aid of a filter agent (Hyflo Supercel, 
Johns-Manville). The filtrate was treated with 
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hydrogen sulfide, and both portions were tested 
for antibiotic activity. No inhibition was found. 

The use of chromatography was next investigated 
as a means of purification. The simple fast tech- 
nique of disk chromatography described by Williams 
(10) was used for the testing of adsorbents and elu- 
triants. 

Using this method with the aqueous acetone ex- 
tract, the most satisfactory adsorbent was found to 
be activated alumina (Grade F-20, 200 mesh, 
Aluminum Conipany of America). Calcium hy- 
droxide, magnesium carbonate, and magnesium 
oxide reacted chemically with the acidic portion of 
the extract. Elution attempts were unsuccessful 
with fuller’s earth. 

Because of the limited volume of the disk chroma- 
tograms, studies were continued, using activated 
alumina in small columns of 10 mm. diameter and 
25 cm. long. Each fraction of the acetone extract 
was chromatographed and the following results ob- 
tained: 

Petroleum Ether Fraction.—Five bands, beginning 
with the uppermost or most strongly adsorbed: 
light green, dark green, light green, yellow, and 
orange. The latter two were very weakly adsorbed 
and followed the solvent front quite closely. 

Chloroform Fraction.—Three bands, beginning 

with the uppermost: a deep yellow, a fluorescent 
yellow which was destroyed by direct light, and light 
yellow. 
Aqueous Acetone Fraction—Two bands: the 
uppermost band was an olive green which blended 
into a yellowish-orange band immediately below. 
As shown below, on elution with acidic methanol 
the green portion remained adsorbed in a broad 
band and the lower band was gathered to form a 
bright orange band which moved uniformly dowa- 
ward upon elution. 

The flowing chromatogram technique was found 
to be the most satisfactory in the purification of the 
aqueous acetone portion in that the orange band 
was found to possess the antibiotic activity. A 
sample (0.2 cc.) on neutralization and tested against 
M. aureus showed only a 2.5 to 3.0 em. zone of in- 
hibition by the agar cup method. The final extract 
in this study was concentrated approximately forty 
times that of the original acetone extract. 

After adsorption of the aqueous acetone extract, 
acetone was added and used to wash the unad- 
sorbed extract on through the column. It also 
served to remove water from the alumina so that 
band formation took place on elution. Five per 
cent acetic acid in methanol was found to be the 
best combination for elution of the orange band. 
The extraction scheme shown in the Extraction Flow 
Sheet thus completed the work done on the choice 
of the method and solvents to be used in a large- 
scale extraction of the Spanish moss 

Large-Scale Extraction... The Spanish moss was 
gathered in two portions a few days apart during 
the week of August 3, 1950, within a few miles west 
of Gainesville. It was sorted by hand to remove 
leaves, twigs, and old dead moss. It was then 
ground with a hammer mill into fragments approxi- 
mately one-fourth inch in length. A total of 116.5 
pounds was obtained (Lot A) 

Lot A was macerated with a total of 70 gallons of 
acetone in two steps for forty-eight hours. A total 
volume of 56.5 gallons (Step 1) was obtained, 
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It appeared that extraction was incomplete al- 
though two macerations with acetone had been 
made. Therefore, tap water was added to the resi- 
due of lot A immediately after the second acetone 
fraction had been drained off, and it was allowed to 
macerate again for forty-eight hours. The water 
extract was drained off. Expression of the marc 
yielded a total aqueous extract of 24.5 gallons 
(Step la 

A small sample of the combined acetone extracts 
was evaporated to dryness and the mass placed in a 
desiccator overnight; yield, 0.652 Gm. per LOO cc 
or 2.64%. A later acetone extraction using more 
finely ground moss yielded 3.95% total extract 
The weight and per cent solids were not calculated 
for the aqueous extract at this stage of the extraction 
process 

Purification of the Acetone Extract (Step 1). 
The acetone extract was treated in 3-gallon lots 
Each portion was placed in a 5-gallon carboy and a 
gallon of petroleum ether was added. After thor- 
ough shaking and standing a few minutes, the mix- 
ture separated into two layers. A siphon system 
was then inserted and the lower acetone layer was 
removed. This first petroleum ether fraction con 
tained a large portion of the chlorophyll and other 
pigments. However, a second treatment with one 
half gallon of petroleum ether was performed, thus 
assuring a more complete removal of these substances 


and further reduction of the acetone content of the 


original extract (Step II) 

After siphoning off the acetone from the second 
petroleum ether treatment, the water content was 
high enough to form an immiscible system with 
chloroform. The shake-out procedure was the same 
as given above. One gallon of chloroform was used 
in a single extraction. The second shake-out with 
chloroform was omitted because of emulsification, 
and the further reduction of the volume of the ace- 
tone extract did not warrant it. 

The above treatment served to reduce the volume 
of the acetone extract from 56.5 gallons to 11 gallons 
The water content of this concentrate was approxi 
mately 80% (Step IIT). 
in the refrigerator at 10 
alumina column 


Therefore, it was stored 
until processed in the 


The adsorption column assembly consisted of a 
5-gallon carboy as the receiver for unadsorbed fil 
trate, a No. 2 Biichner funnel lined with glass wool, 
and 3'/. in. x 4 ft. glass tube. The stopper of the 
funnel was vented to allow air to escape 

The column was prepared by adding the activated 
alumina through a funnel so that the powder flow 
was directed to the center of the column at all times 
Five pounds of alumina was used for each lot, and 
it was added in one portion, that is, the adsorbent 
was not added in small portions with tamping or 
suction to settle it and to fill voids between additions 
of the material. It was found that, when added in 
t single portion, the activated alumina, grade F-20, 
settled in such a way that the coarser particles were 
in the lower portion and the finer material on top 
The voids could then be filled uniformly by gentle 
tapping at the base of the column 

The column was then ready to be used. Two 
liters of the aqueous acetone extract filled the reser- 
voir above the alumina 


The beginning flow was 
rapid, but as hydration of the column increased, the 
velocity decreased 


rhis hydration of the column 
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was accompanied by considerable heat. 


The first 
portions of the filtrate were colorless, but, after 
1 to 1.5 L. had passed through, were light amber 
The column capacity was found to be sufficient for 
& L. of the concentrated extract (Step IV). 

The next step in the process consisted of a 2-L. 


methanol wash. This was added to the column just 
as the last of the extract flowed into the alumina. 
This wash procedure had two functions: (a) it 
carried through the unabsorbed extract; () it 
removed enough water from the hydrated alumina 
so that, on developing and eluting, a sharp band 
could be obtained (Step V). The acetone was 
colorless when it left the column. 

The arrangement of the bands and their respec- 
tive colors was the same as described above using the 
small columns. 

As the last portion of the acetone was disappear- 
ing into the alumina, 5% acetic acid in methanol 
was added. The receiver was changed at this time 
in preparation for the collection of the concentrated 
elute. The orange band began to form and move 
downward. Elution of the orange band required 
3 L. of the 5% acetic acid-methanol mixture (see 
Fig. 1). Several liters of methanol were added 
finally to wash through any material which could 
now be eluted and the last portions of the acetic 
acid-methanol elute (Step VI) 

Adsorption and elution for this study were now 
considered complete. A total of five such columns 
were required to chromatograph the total volume 
of aqueous acetone extract. Attempts to elute 
further with methanolic hydrochloric acid were un- 
successful 

The methanol-acetic acid concentrate from the 
five columns was combined, and made a volume of 
approximately 15 L. so that a second concentration 
from 11 gallons had been achieved without the aid 
of heat 

The above concentrate was reduced to a syrupy 
consistency by distillation under reduced pressure 
(185-200 mm. Hg) and a temperature not exceed- 
ing 46 The volume had now been reduced to ap- 
proximately 600 ce. (Step VII). This syrupy mass 
was placed in a desiccator over potassium hydroxide 
and was stored in a refrigerator at 10°. One hun- 
dred and fifteen grams of crystalline sodium acetate 
separated from the syrup. This salt was a by- 
product of the sodium salt impurities occurring in 
the alumina and sodium ions from the moss extract 
Sodium, calculated as sodium oxide, has been re- 
ported (3) to occur as high as 25% of the ash of the 
dried Spanish moss. The sodium acetate isolated 
here was identified by ignition of the salt, and prep- 
aration of the silver acetate followed by ignition and 
weighing. The gummy residue of the alumina con- 
centrate, after removal of most of the water and 
acetic acid under reduced pressure evaporation and 
desiceation, weighed 140 Gm. There was still some 
sodium acetate present. 

Purification of the Water Extract (Step Ia). 
As mentioned earlier, the water extract containing 
some residual acetone was made because it appeared 
that extraction by the acetone was incomplete 
This aqueous extract was processed by the lead 
method as outlined by Rosenthaler (11) with modi- 
fications suggested by Sokoloff (12) 

The aqueous extract (24.5 gallons) was divided 
into three portions and 4 L. of 30% lead acetate 
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EXTRACTION FLOW SHEET 


Fresh green moss, finely ground and 
macerated 48 hours in acetone, drained, 
and marc expressed * 


Step 


20-30% 
* 


Acetone extract containing 
water extracted with petroleum ether 


Acetone extract containing 30-40% 
water extracted with chloroform * 


Acetone extract containing 80-90% 


water adsorbed on Alumina F-20* 


Column washed with methanol to re- 
move unadsorbed extract and dehy- 
drate* 


Column eluted with 5Y acetic acid in 
o 
methanol* 


Methanol-acetic acid concentrate, dark 
amber* 


* Shows bactericidal activity 
** Shows no bactericidal activity 
*** Shows occasional slight bactericidal activity. 


solution was added to each portion. A copious 
green precipitate formed and was allowed to settle 
overnight. The clear amber supernatant liquid 
was siphoned off, and the lead precipitates were 
combined for further settling. The supernatant 
liquid was made alkaline to litmus (pH 8.2) with 
concentrated ammonium hydroxide. A_ bright 
yellow precipitate formed. This precipitate was 
much finer and did not settle as readily as the first 
After settling overnight the supernatant liquid was 
siphoned off, and the basic lead precipitate was 
placed in 1-L. Imhoff cones to concentrate further 
After settling six to twelve hours the supernatant 
liquid was decanted, and Hyflo Supercel was added 
and the remainder of the liquid removed by suction 
filtration. The filter cake was washed three times 
with a 1% ammonium hydroxide solution, and then 
stored under methanol until the entire lot had been 
processed to this stage 

The basic lead complex was decomposed by dis 
persion of the filter cake in methanol and the addi- 
tion of 8.5% phosphoric acid in methanol until the 


Petroleum ether fraction containing 
chlorophyll and other pigments ** 


Chloroform fraction containing wax, 
remaining pigments and fluorescent 
compound *** 


Filtrate first colorless then light amber** 


Washings light green then colorless* 


Column has a strong green color at top 
which fades to almost white at bot- 
tom ** 


mixture was acid to Congo red paper (pH 3). The 
lead phosphate was removed by suction filtration, 
and the filtrate was neutralized to pH 5 with con- 
centrated ammonium hydroxide. After chilling 
and filtering to remove ammonium phosphate, the 
methanolic solution was concentrated under re- 
duced pressure distillation at a temperature not 
exceeding 40°. After removal of the methanol and 
a large portion of the water, there remained a gummy 
residue (144 Gm.) equivalent to 0.21% of the Span- 
ish moss extracted. Bactericidal action was shown 
by this concentrate, but it was not as strong as that 
shown by the samples isolated by the column 
method 
Chemical Nature of the Antibiotic Substance. 

The residue obtained from concentration of the 
alumina column elute and still contaminated with 
a slight amount of sodium acetate was orange-brown 
in color, very hygroscopic, and foamed readily 
upon solution in water. Elemental analyses by the 
sodium fusion method were made for halogens, sul- 
fur, and nitrogen. Negative results were found 
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for each. Phosphorus was tested for and found 
absent. 

Extensive tests were made for the possibility 
that the substance was of a saponin nature. It was 
found to emulsify mercury readily and to foam ex- 
cessively on shaking. However, other standard 
tests were found negative. The compound did not 
hemolyze the red blood cells of a rabbit, nor did it 
form a crystalline complex with cholesterol. Digi- 
tonin (0.1%) in absolute ethanol failed to give a pre- 
cipitate. Color reactions performed and found 
negative included the Liebermann test for phy- 
tosterols, the Zimmermann reaction, and diazotiza- 
tion with p-nitroaniline. 

The method of Jacobs and Simpson (13) for 
steroidal saponins was used in attempting to hy- 
drolyze the substance. Ten grams of the material 
was dissolved in 50 cc. of 2 N ethanolic hydrochloric 
acid. The mixture was refluxed for twenty hours, 
and after cooling, ether was added to precipitate 
sugars and unhydrolyzed material. The solution 
was then filtered and the filtrate heated on a steam 
bath to remove the ether and most of the alcohol. 
It was then extracted three times with toluene and 
the combined toluene extracts were shaken out with 
5% sodium carbonate solution, an amber solution 
being drawn off each time. Norit was then added 
to the toluene extract and heated to boiling. It 
was then filtered while hot. The toluene filtrate was 
a light amber color. After drying over calcium car- 
bonate and evaporation on the steam bath, a soft 
wax-like residue remained, 0.2 Gm. or 2% yield 
This material also failed to give the digitonin reac- 
tion or the Liebermann color reaction for sterols 
Therefore, it was concluded that the sterol reported 
by Schorger (1) was apparently found only in the 
wax (under investigation by another member of this 
college ) and not as a steroidal saponin. 

Elimination of the sodium acetate from the 
gummy residue was accomplished by dissolving in 
ethanol and passing dry hydrogen chloride gas 
through the solution for several minutes. Since this 
operation was carried out in a cold solution for a very 
short time, no esterification seemed likely nor was 
apparent. Sodium chloride was precipitated im- 
mediately and was filtered off. The filtrate was 
then concentrated by distillation under reduced 
pressure at a temperature not exceeding 40°. The 
dark green residue, after complete removal of the 
ethanol, water, and acetic acid, dried to a varnish- 
like film. It was also found that the gummy residue 
could be obtained in powder form by grinding in a 
mortar under acetone in the presence of dry ice. 
This procedure, followed by several rapid washes 
with acetone, filtration, and rapid insertion in a 
desiccator, gave an amorphous yellowish-green 
powder which was extremely hygroscopic. The 
melting point of this powder was found to be 91 
93° (uncorr.) on one trial and decomposition started 
at 180° (uncorr.) using a sample precipitated from 
hydrated butanol (7% water) by ether and dried 
under vacuum. This indicates the possibility of a 
mixture. Several attempts were made to form 
an acetyl derivative both by the use of pyridine and 
by sodium acetate methods, but without success 

The reaction of the compound in alkaline and 
acid solution is that of an indicator-type pigment. 
It is deep yellow in alkaline solution down to pH 
5.5 to 6. It then becomes colorless and upon solu- 
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tion in concentrated acid is red, or after being kept 
for some time, yellow. Other tests made and found 
positive for a flavonol-type compound were reduc- 
tion with magnesium, zinc, and hydrochloric acid 
to give a red solution. It is very stable to acid deg- 
radation, reduces Fehling’s solution on warming, 
and gives an orange-brown solution with glacial 
acetic acid on the addition of concentrated sulfuric 
solution (the oxonium salt failed to separate). The 
Wilson (14) boric acid test for the formation of a 
chelated compound between the 5-hydroxyl group 
and the carbonyl group was found negative. 

Shibata and Kimotsuki (15) made a_ spectro- 
graphic study of a number of flavones and related 
compounds. From their work they were able to 
point out several regions of the spectrum where 
absorption generally occurred, one of the stronger 
band regions being 270-280 my. The strongest 
absorption region for this compound was found at 
265 my with a weaker band at 355 mu 

The method of Baker (16) and used by Haley and 
Bassin (17) in the hydrolysis of iridin was used on 
a smaller scale to investigate a possible method of 
hydrolysis of this compound. One gram of the sub- 
stance was dissolved in 25 cc. of 60% ethanol and 
1 ce. of concentrated sulfuric acid was added. 
This mixture was heated for five hours at 15 Ib. 
pressure (120°). On cooling, the content of the 
bottle was poured into 25 cc. of 60% ethanol, boiled 
with charcoal, and filtered. Twenty cubic centi- 
meters of water was added to the filtrate, boiled, 
and filtered again. When no crystalline material 
separated after chilling overnight at 10°, the solu- 
tion was concentrated on a steam bath to approxi- 
mately 10 cc. Alcohol was added to the hot amber 
mixture until a clear solution resulted and a few 
drops of water induced cloudiness. On setting for 
forty-eight hours at 10°, tiny crystals separated in 
too slight a yield to be investigated further. 

An alkaline degradation of the unhydrolyzed com- 
pound was attempted under the following condi- 
tions: 10 Gm. of the compound was mixed with 50 
cc. of 30% aqueous potassium hydroxide and re- 
fluxed for six hours. After cooling, dilute sulfuric 
acid was added until the solution was strongly acid 
(pH 1). The acidified solution was then extracted 
with 25-cc. portions of ether until colorless ether 
washings were obtained. The ether solution was 
evaporated on the steam bath and a gummy residue 
obtained (0.2 Gm.). A green coloration was ob- 
tained with 1% alcoholic ferric chloride solution. 
Addition of 5% sodium carbonate gave a brown pre- 
cipitate rather than a red color. (Reaction shown 
by o-dihydric phenols.) 

The ether-soluble residue was redissolved in ether 
and extracted with three portions of 5% sodium car- 
bonate, 20 ce. each. The sodium carbonate wash- 
ings were light amber and seemed to be carrying over 
portions of the phenol. Acidification of the sodium 
carbonate solution and extraction with ether, fol- 
lowed by evaporation, yielded a gummy residue 
similar to the original ether extract. No conclu- 
sions can be drawn at present as to the composition 
of this mixture except that the degradation process 
was incomplete. 

Schorger (1) reported a methyl-phenol-ether-glu- 
coside as present. Attempts to form a glucosozone 
from the compound here were unsuccessful although 
the viscid mass from the aqueous portion of the acid 
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Chromatographic column of acetone ex- 
tract. 


Fig. 1. 


hydrolysis was extracted with ethanol and decolor- 
ized with Norit, dissolved in water and heated for 
thirty minutes in the presence of sodium acetate and 
phenylhydrazine. No precipitation occurred during 
the heating or on cooling. 

Further work on the unsolved portion of this study 
is under consideration and will be presented at a 
later date. 


Screntiric Eprrion 


SUMMARY 


A phytochemical study of Tillandsia usneoides 
L. was made with the isolation and chemical 
investigation of an antibacterial substance as the 
primary objectives. 

Studies were made to determine the most 
efficient methods for extraction, purification, and 
the seasons when bactericidal activity was the 
greatest. These data were applied in the proc- 
essing of 116.5 Ib. of fresh green moss. Acetone 
extraction followed by solvent partition with 
petroleum ether and chloroform yielded a con- 
centrated aqueous acetone extract. This ex- 
tract concentrate was chromatographed on 
activated alumina and an orange band eluted 
by the flow technique with methanol containing 
5 per cent acetic acid. Further concentration 
by reduced pressure evaporation yielded a gummy 
mass possessing antibacterial activity. Lead 
precipitation of an aqueous extract was used to 
supplement the above procedure. 

Chemical studies of the noncrystallizable 
material indicated the possibility that it was a 
glycoside. Several saponin characteristics were 
present, but hydrolysis failed to give confirmatory 
Color reactions, solubility, and spectro- 
data indicate the antibacterial 


results. 
photometric 


substance to possess many characteristics of a 
difficultly hydrolyzable flavonol-type glycoside. 
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Several p-aminophenyl esters of beta-dialkyl- 
aminopropionic acids |H,N—C,H,-OOCCH,- 
CH,N(R).-2HCl| have been prepared and 
found to possess moderate antispasmodic 
activity against both histamine- and acetyl- 
choline-induced smooth muscle spasms. 


YY mace (1) has pointed out that esters of 


the type represented by p-aminopheny!l 
propionate (1) are not local anesthetics but are 
Likewise, p-amino 
phenyl .3-diethylaminopropionate (I1), which is 
isomeric with procaine, lacks local anesthetic 
properties (2). Although lacking in anesthetic 
properties, the latter compound was noted to 


instead “fish poisons.” 


have mild antispasmodic properties. This inves- 
tigation was undertaken to prepare compounds 
of this general nature to determine whether the 
antispasmodic activity was significant and whether 
it could be enhanced. Therefore, compounds 
of the types indicated by III were prepared with 
the substituents as indicated. 

A preliminary testing of the p-aminophenyl 
esters indicated that they did possess antispas- 


H,N 
oO 


O-—C—CH,CH, 
(1) 
H,N 


oO 
ACs 
O—C-—CH:CH,N: 
C.H, 
(II) 


-—O-—C—CH,CH,R’ 


R R’ 
NO, N(C2Hs5)2 
NH; 
NHCOCH N(n-C,Hy)- 
H 
be 
N(CsHiw) = (piperidino) 
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Antispasmodics. I. 
Beta-Dialkylaminopropionic Acids* 


By TAITO O. SOINE} and FRANK E. DiGANGI{ 


Phenyl Esters of 


modic activity but not of a highly potent nature 
A drawback to their testing, however, was the 
unstable nature of the compounds in aqueous 
solution. Therefore, the phenyl and p-acetyl- 
aminopheny] esters were also made at the request 
of the pharmacologists testing the products. 


A full report of the activities of these compounds 
will be made by others upon completion of the 
testing. 


EXPERIMENTAL 


a quan- 
tity of 218 cc. of benzene in a tared 1-L. flask, 121.8 
Gm. of 8-chloropropionyl chloride, 106.5 Gm. of p- 
nitrophenol, and 9.3 Gm. of magnesium turnings 
were added. The mixture was heated for three hours 
at 90° on a water bath. The flask was equipped 
with a reflux condenser. The reaction mixture was 
then cooled, diluted with ether, and decanted from 
the magnesium turnings. After the ether and ben- 
zene were removed from the decantations, the oily 
residue was distilled as a heavy yellow oil, b.p. 200° 
at 17 mm. On cooling, the oil crystallized and 
was recrystallized from alcohol and water; m.p. 
36-37°. The over-all yield for the reaction was 
60°) of theoretical. In later runs, 100 Gm. of each 
reactant and 9 Gm. of magnesium turnings were 
mixed with no added solvent and refluxed on a steam 
bath for three hours; the hydrogen chloride by- 
product was run into a water trap. The excess acid 
chloride was removed by vacuum distillation, using 
a water pump, and the liquid residue was poured 
off the magnesium turnings, which in turn were 
rinsed with 75 cc. of ether. The ether washings 
were added to the reaction product and the mixture 
was chilled. Large granular crystals of the prod- 
uct formed in a solid mass. The weight of crude 
product was 135 Gm. (82°) of theoretical). Re- 
crystallization gave the pure compound in the 
same manner as previously stated, although for the 
syntheses described in this paper the crude product 
was suitable. 

Anal.—Caled. for CgHsOQ,NCI: C, 47.1; H, 3.5. 
Found: C, 47.8; H, 4.0. 

p-Nitrophenyl-3-dialkylaminopropionat One- 
tenth mole of the 8-chloroester was dissolved in 200 
ce. of absolute ether to which was added 0.2 mole 
of the dialkylamine. The mixture was refluxed for 
fifteen minutes and chilled for a day or two in the 
refrigerator. In virtually all cases the by-product 
dialkylamine hydrochloride was filtered off in quan- 
tities indicating a yield of greater than 90° of theo- 
retical, The ethereal filtrate was then dried over 
anhydrous sodium sulfate. To the dried solution 
was added an ethereal solution of hydrogen chloride 
In general, the hydrochloride of the p-nitrophenyl- 
8-dialkylaminopropionate separated as a heavy oil 
that solidified into a crystalline mass after a few 
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I. 


O.N—< 


R Yields, ©; 
C.H;* 66 
C,H, 73 
n-C,H,° 2 
47 
iso-C,Hy,* 60 


°¢ 
136-137 
116-118 

9S 
87- 89 
82 

* Acetone-ether used as recrystallizing solvent. 

® Ethyl acetate used as recrystallizing solvent. 


days at refrigerator temperatures. The products 
were recrystallized from acetone-ether mixtures or in 
some cases from ethyl acetate. The esters prepared 
are listed in Table I. 

p- Aminopheny! - 8 - dialkylaminopropionates. 
The p-nitrophenyl-8-dialkylpropionates were re- 
duced to the p-amino form in the following general 
manner: 2 Gm. of a 5° Pd-C catalyst, 50 ce. of 
absolute ethanol, and a sufficient amount of alco- 
holic hydrogen chloride to react with the newly 
created amino group were added to each 10 Gm. 
of the hydrochloride of the p-nitro compound. 
The mixture was reduced with hydrogen under an 
initial pressure of 40 Ib. The reductions were rapid 
but were allowed to proceed for two hours. The 
filtrate from the reduced mixture was run directly 
into 350 cc. of anhydrous ethyl acetate, upon which 
a crystalline precipitate formed in most cases. If an 
oil formed it was allowed to stand in the refrigera- 
tor for a few days until the oil crystallized. The 
crystalline precipitates were recrystallized from 
alcohol or from mixtures of alcohol and ethyl ace- 
tate. The reduced compounds are described in 
Table II 

Phenyl-3-chloropropionate.—One mole of 
chloropropionyl chloride and one mole of phenol 
were placed in a reflux apparatus. The mixture 
was warmed on a steam bath for ene hour; the 


ScrentTiric 


p- NITROPHENYL- 8- DIALKYLAMINOPROPIONATES 


O-—COCH,CH,NR;- HCl 


Chloride Analysis, 
Caled Found 
11.54 
10.91 
10.02 
8.72 
8.95 


Formula 
CisH N2Cl 
CywH 


fumes of the evolved hydrogen chloride were run 
into a water trap. The flask was then arranged for 
distillation and the contents were distilled, b.p. 
148-149° at 24 mnt., to give an almost quantitative 
yield of product The literature reports boiling 
points of 132-135° at 12 mm. (3) and 141-143° at 
18 mm. (4) for this compound. The product was 
used without further purification. 

general 
procedure for the preparation of the phenyl-s- 
dialkylaminopropionates was essentially the same 
as that described for the preparation of the p- 
nitrophenyl- 8-dialkylaminopropionates. It con- 
sisted of treating 0.1 mole of phenyl-8-chloro- 
propionate with 0.2 mole of the desired amine in 
ethereal solution. The by-product amine hydrochlo- 
ride was removed by filtration, and the ethereal 
filtrate was treated with an excess of ethereal hydro- 
gen chloride upon which the products crystallized 
readily. They were recrystallized from alcohol or 
from ethyl acetate. The esters prepared are listed in 
Table III 

p-Acetylaminopheny!l- 3-chloropropionates.—-Ten 
grams of p-nitrophenyl-8-chloropropionate was 
dissolved in 120 cc. of absolute ethanol and placed 
in a conventional Parr low-pressure catalytic hy- 
drogenator together with 4 Gm. of 5°, palladium- 
on-carbon catalyst. The mixture was shaken under 


TABLE I1,—p-AMINOPHENYL- 8- DIALKYLAMINOPROPIONATES 


H.N— O 


Vields, ‘ 
186-188 
199-200 
192-194 
196-198 
198-200 


* Compound recrystallized from alcohol 


TaBLe III. 


COCH,CH,NR,-2HCI 


Chloride Analysis, ‘ 
Caled. 
22.93 
21.03 
19.41 
18.03 
18.03 


Formula 


All others recrystallized from alcohol-ethy]l acetate mixtures 


PHENYL- 8- DIALKYLAMINOPROPIONATES 


O—COCH,CH,R- HCI 


N(n-C;H7)” 
-N(C;sHy) = (piperidino) 


Hygroscopic 
» Recrystallized from ethyl acetate 
© Recrystallized from ethy! alcohol. 


140-143 


204-206 


Analysis, % 
Caled. Found 
13.76 
12.41 
11.30 
13.14 


Formula 

SS CisHwO,NCI 
CisHyO2NC1 
95 
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C.H;* 85 
n-CsH; 87 
n-CyHy 49 
n-CsHy, 02 
iso-C;Hy, 
65 86 
66.5 
57 93 
74 
| 


I\ 
CH,CO 


R Vield, M 
N(CH 63 180 
t4 177 
Ni(n-CyHy SY IS] 
Ni(a-CsH, 55 155 
N(iso-CsH, 55 168 
N(CH, piperidino 61 232 


in initial pressure of 40 lb. of hydrogen for forty- 


five minutes, although the reduction appeared to | 


be complete in about fifteen minutes. The catalyst 
was removed by filtration, and the filtrate was run 
directly into 750 cc. of ice-water mixture. The 
product separated as a white crystalline precipitate 
which was removed by filtration, washed with water, 
and dried rhe weight was 6.7 Gm., corresponding 
to a yield of 77°, of theoretical. It was difficult to 
purify the material by recrystallization because it 
decomposed rapidly in solution The best product 
obtained had a melting point of 64-69°. In the 
dry state, the material can be stored in the re- 
frigerator for a prolonged period of time 

I'welve grams of p aminopheny! 8-chloropropion- 
ate was dissolved in 60 cc. of acetic anhydride in an 
ordinary Erlenmeyer flask and warmed on a steam 
bath for fifteen minutes The hot mixture was 
poured with stirring into 500 c« 
vield 
pound 


of ice-cold water to 
mass of the acetylamino com- 
This was allowed to stand at room tem 


a crystalline 


perature for several hours and then was filtered to 
obtain the erystalline product, which was dissolved 


in boiling water and allowed to crystallize several 


times The weight of the final product was 8.7 
Gm. of white crystals, m.p. 123-125 
nal Caled. for Cy HwO NCI: C, 54.6; H, 


$6. Found: C, 54.0; H, 4.9 
These compounds were prepared in the same 
manner as the p-nitrophenyl and phenyl 
One-tenth mole of p-acetylaminophenyl- 3- 
chloropropionate was treated with 0.2 mole of the 
desired amine in ether solution. The only modifica- 
was that a Soxhlet cup was 


com- 
pounds 


tion in the procedure 
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p- ACETYLAMINOPHENYL- 8-DIALKYLAMINOPROPIONATES 


O-—-COCH,CH,R- HCI 


—Chioride Analysis, 


SG Formula Caled Found 
182 11.27 11.29 
179 CyHeO 10.34 10.39 
182 9 56 9 55 
156 yO 9.09 
170 Cy 8.88 8.85 
233 10.85 10.85 


used to hold the beginning material because of its 
limited solubility in ether, and the diamine and 
ether were placed in the lower flask. After several 
hours the p-acetylamino compound was completely 
extracted from the cup and the by-product amine 
hydrochloride formed in the lower flask. This was 
removed by filtration, and the filtrate was dried and 
treated with ethereal hydrogen chloride in the usual 
manner. The products were recrystallized from 
alcohol-ethyl acetate mixtures... The esters prepared 
are listed in Table IV. 


SUMMARY 


Several new phenyl esters of 8-dialkylamino- 
propionic acids have been prepared. These, 
for the most part, include the phenyl, p-nitro- 
phenyl, p-aminophenyl and p-acetylaminophenyl 
esters of diethyl, di-n-propyl, di-n-butyl, di-iso- 
amyl, di-n-amyl, and piperidino propionic acids. 

Of the above esters, the p-aminophenyl-3- 
dialkylaminopropionates have had a preliminary 
pharmacological testing and have exhibited a 
The other 
esters have not been tested but will be reported 


moderate antispasmodic activity. 


on by others upon completion of the testing 
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Further Studies on the Bioassay of Veratrum viride" 


By HOWARD J. JENKINS{ and B. V. CHRISTENSEN$ 


The results of an attempt to employ the 
emetic response of the common pigeon to es- 
tablish a biological unit of Veratrum viride, 
based on its therapeutic activity, are described. 
Interrelationships between the amounts of 
tinctures required to produce a 50 per cent 
response in pigeons and the amounts of 
these tinctures required to produce equivalent 
percentage maximum blood pressure reduc- 
tions in both the dog and the human are found 
to obtain. 


VY VIRIDE contains a number of 
alkaloids, some of which have now been identi- 
fied and assayed for their hypotensive potencies 
(1-3) even though isolation of active constituents 
is rendered difficult because of the ease with 
which the principal alkaloids are hydrolyzed. 

It is quite likely that these alkaloids, in the 
main, produce similar pharmacologic effects in 
animals and men. These effects are, however, 
not identical, as is shown by the actions elicited 
by the administration of the individual substances 
(1). 

The need for a biological method of assay is 
clearly indicated if any given preparation of 
the drug is to be of reliable benefit, Even in the 
absence of a generally aceeptable assay method, 
the stature of Veratrum viride as a hypotensive 
agent has been increasing recently. 

Christensen and McLean employed a modifi- 
cation of the pigeon emesis method of Hanzlik 
(4) as a starting point in the development of an 
assay for Veratrum viride. They showed that 
this revised method was sufficiently accurate 
and produced sufficiently consistent results to 
be used as the basis for a procedure designed to 
evaluate the pharmacotherapeutic activity of this 
drug (5). In a later work some study of the 
correlation between the Minimum Emetic Dose 
(M. Em. D.) determined by the modified pigeon 
emesis method and per cent blood pressure fall 
in dogs and cats occasioned by the injection of 
Veratrum was made by Christensen and McLean. 

Fries, Stanton, and Moister (1) report a syste- 
matic investigation of the activities of various 
chemical fractions of Veratrum viride in hyper- 
tensive humans. 
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A combination of the methods presented above 
suggests itself. To devise such a combination 
assay, some vital relationships must be worked 
out, these being the quantitative relationships 
applying to the effects of the preparation on 
various species of test animals, finally including 
man. In view of the potentialities and also the 
limitations of the method as proposed by Chris- 
tensen and McLean, it seemed advisable to rein- 
vestigate the possibility of the use of this assay, 
in modified form, to establish a biological unit 
of Veratrum viride. 

The concept of the pigeon minimum emetic 
dose (M. Em. D.) of a preparation of Veratrum 
viride was changed to that of the pigeon median 
emetic dose of M. Em. Dso, which is that amount 
of the drug, expressed in cc. of tincture per Kg. 
body weight, which will produce emesis in 50 per 
cent of a group of pigeons within fifteen minutes 
after the intravenous injection of the diluted 
tincture. This M. Em. Dsyp was derived both 
graphically by the Litchfield-Wilcoxon method 
(6) and arithmetically by Behren’s method of 
integration from the data obtained in the work. 


EXPERIMENTAL 


If the pigeon emetic doses of tinctures made from 
different sources of Veratrum viride produce con- 
sistently significant comparable blood pressure re- 
ductions in humans, a biological unit of potency of 
Veratrum viride based‘on the pigeon M. Em. Dg 
may be eyolved. This unit could be used as the unit 
of potency in the assay of Veratrum viride and also 
as a measure of therapeutic dosage of tinctures of 
Veratrum viride based on the needs of the patient. 
The following experiments were designed to deter- 
mine whether or not such comparable relationships 
are indicated. 

A mixture of the more commonly occurring varie- 
ties of pigeons of both sexes were used in the assay. 
Adult pigeons weighing approximately 300-600 
Gm. were selected. All injections were made into 
the brachial vein. The vomiting of the pigeons is an 
unmistakable physiological phenomenon. Depend- 
ing upon whether or not the bird has recently in- 
gested food and water, the retching act may or may 
not be productive. For the purposes of the assay 
it makes no difference either way. The bird need 
only “go through the motions” to have the result 
labeled positive. 

All lots of powdered Veratrum viride used were 
confirmed according to N, F. VIII and all tinctures 
were prepared according to N. F, VIII specifications. 
The following results show the comparable rela- 
tionships between two tinctures prepared from dif- 
ferent lots of Veratrum viride obtained from dif- 
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ferent sources. 
tincture C 

Data (together with their integration by Beh- 
ren’s method ) showing the effect of tincture H in 
varying doses (dilution 1:10) on 48 pigeons weighed 
to the nearest 5 Gm. are shown in Table I. 

The M. Em. Dy of tincture H in doses at equal 
logarithmic intervals and computed from integrated 
data is 0.222 ce. dil. tincture /Kg. (see Fig. 1). 


They are labeled tincture H and 


Tasie I.-Emetic ResPONSE OF ARITHMETICALLY 


Spacep Doses or Tincture H 


Dose in Ce Integrated Datae 
Dil. Tr No No 


Kg Emesis Emesis Emesis Emesis Frequency 
0.310 7 l 24 -l 24/25 
0. 280 + 4 17 5 17/22 
0.250 5 3 13 8 13/21 
0.230 4 4 s 12 8/20 
0.210 3 5 4 17 4/21 
0.180 l 7 1 2 1/25 

67 67 


* The M. Em Dy» of tincture H as obtained from this 
integrated data is 0.239 ce. dil. tincture/ Kg. 


The M. Em. Dy of tincture C administered by 
equal logarithmic intervals and computed from 
integrated data is 0.098 cc. dil. tincture/Kg. (see 
Fig. 2 and Table IT). 

In the experimental work involving the effect of 
the tincture of Veratrum viride on the circulation 
of the dog, the systolic and diastolic pressures were 
measured by the use of the combination of a Sta- 
tham transducer, a control box, and an electrocardio- 
graph 

Data showing the maximum effects of tincture H 
(dilution 1:10) in various doses on the blood pres- 
sure of the same dog (anesthetized with veterinary 
Nembutal sodium ) are shown in Table II] and Fig. 3. 
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Data showing the maximum effects of tincture C 
(dilution 1:10) in various doses on the blood pres- 
sure of the same dog (anesthetized with veterinary 
Nembutal sodium ) are shown in Table IV and Fig. 4. 

Data showing the maximum effects of the median 
emetic dose of tincture H on the blood pressure of 
the human (female: age 41 years) with uncompli- 
cated benign essential hypertension are shown in 
Table V. 

Data showing the maximum effects of the median 
emetic dose of tincture H on the blood pressure of 


Tasie Response OF ARTHMETICALLY 


Spacep Doses or Tincture C 


Integrated 
Dose in Ce -Data*— 
Dil. Tr No No 
Kg Emesis Emesis Emesis Emesis Frequency 
0.180 7 1 24 1 24/25 
0.130 6 2 17 3 17/20 
0.100 5 3 ll 6 11/17 
0.080 2 6 6 12 6/18 
0.060 4 4 4 16 4/20 
0.040 0 8 0 24 0/24 
62 62 


“The M. Em. Dw of tincture C as obtained from this 
integrated data is 0.090 cc. dil. tincture/Kg 


TasLe III.—-Maximum CrircuLaTory EFFECTS OF 
Various Doses or H (INCLUDING PIGEON 
MepIAN Emeric Dose) 


Dose in 

Ce. Dil Maximum Reduction, 

Tr. /Kg Systolic Diastolic Heart Rate 
0.169 21.70 41.11 28.00 
0.2392 35.41 51.72 41.66 
0.338 43.75 56.66 27.27 
0.478 58.82 76.19 50.00 


* Pigeon median emetic dose of tincture H. 
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the human (female: age 43 years) with uncompli- 
cated essential hypertension are shown in Tabie VI. 


TaBLe 1V.—Maximum Circulatory EFFECTS OF 
Various Doses oF Tincture C IN THE 
(INCLUDING PIGEON Mepian Emetic Dose) 


Dose in 
Ce. Dil. ———Maximum Reduction, 
Tr./Kg. Systolic Diastolic He 


0.06: 22.34 37.50 
0.0902 34.40 51.85 
0.126 45.87 58 85 
0.180 56.17 70.84 


* Pigeon median emetic dose of tincture C 


Normal 


Maximum Reduction 


Fig. 3.—Maximum effects of tincture H in various 
doses on the blood pressure of the same dog 


Maximum Reduction (Systolic) 


Maximum Reduction ( Diastolic) 


Fig. 4-—Maximum effects of tincture C in various 
doses on the blood pressure of the same dog. 
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Taste V.—Maxmum EFFECTS OF 

THE PIGEON MEDIAN Emetic Dose or Tincture H 
IN THE HUMAN 

Maximum Reduction, “% 

Systolic Diastolic 


8.55 4.44 


Dose in Ce — 
Tr./ Kg. Orally 


0.0239 


Taste VI.—Maximum Circulatory EFFECTS OF 
THE P1GEON MepIAN Emetic Dose or Tincture H 
IN THE HUMAN 

Maximum Reduction, “> 
Systolic Diastolic 
9.33 6.25 
8.57 


7.14 


Dose in Ce — 
Tr./Kg. Orally 


0.0239 
0.0239 


CONCLUSIONS 


1. Pigeon emesis represents a sharp end point 
response; hence, effects in terms of pigeon emesis 
from equal doses are quantitatively reproducible. 

2. There is aquantitative relationship between 
the pigeon emetic dose and blood pressure re- 
sponse in dogs, e. g., increase in dose produces a 
corresponding increase in blood pressure reduc- 
tion. 

3. The same relationship was demonstrated 
in blood pressure response in humans as in dogs. 

4. There is, therefore, a quantitative relation- 
ship in the comparative effects of equal doses of 
tincture of Veratrum viride on the emetic center 
of the common pigeon and the circulatory 
systems of both the dog and the human. 

5. Therefore the pigeon emetic response 
appears to be a measure of the therapeutically 
active principles of Veratrum viride. 
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Determination of Heavy Metals in 
Pharmaceutical Chemicals* 


By FREDERICK N. STEWART and CLIFTON W. STRODE, Jr. 


The official heavy metals tests have been criticized on a number of points, among 
which are failure to compensate for sample color, difficulty in the visual discrimina- 
tion of extremely light colors, and nonuniformity of conditions. A scheme is sug- 
gested for standardizing conditions, with provision for sample color compensation 
through photoelectric measurements. The method essentially involves preparation 
of the sample solution by treatment according to functionality and solubility of the 
substance, adjustment of the pH to between 3 and 4 before addition of hydrogen 
sulfide, and photoelectric measurement with compensation for a sample blank. Ac- 
curacy of recoveries within 2 p.p.m. of added lead in final concentrations from 1 to 30 
p-p.m. have been obtained with 37 typical pharmaceutical chemicals. 


hes METHODS specified by the official com 
pendia (1, 2) for the detection of heavy 
metal contamination in pharmaceutical chemi- 
cals have been criticized by several investigators 
3-5). In the sulfide method, any color con 
tributed by the substance being tested is counted 
as a heavy metal. Variations in the acidity of 
the final solutions result in different criteria of 
the heavy metal specification for different prod 
ucts. A large element of personal interpre 
tation is involved in resolving the difficulties 
encountered im visual discrimination between 
extremely light colors, between different colors, 
and between color and turbidity. McArthur 
3) has suggested an ingenious superimposition 
technique for the compensation of sample color, 
but it suffers from low sensitivity and retains 
the limitations of visual comparison. The 
dithizone test (4) employs a relatively unstable 
reagent, highly sensitive to trace contamination, 
in a comparatively tmvolved procedure. It is 
useful, however, with products such as ferric 
and manganese glycerophosphates which are 
not conveniently adaptable to the sulfide method. 
Bundy and Edman (5) demonstrated the diffi- 
culty in matching certain differently colored 
metal sulfides with lead sulfide and suggested 
that turbidity might prove a better criterion 
The lead standard is justified, however because 
other metals are either less common, less toxic, 
or, hke arsenic, are prov ided for by specific tests 
where necessary 
In the method described herewith the substance 
to be tested its treated according to its position 
in an arbitrary classification based upon solu 
bility and functionality, with provision for obtain 
ing a solution at a pH of between 3 and 4 before 
the addition of hydrogen sulfide. Acetone is em 
* Received August 31, 1951, from the John F. Queeny 
Plant, Monsanto Chemical Company, St. Louis, Mo 


Presented to the Scientific Section, A. Pu A. Buffalo 
meeting, August, 1051 


ployed to increase the solubility of certain organic 
compounds and to decrease the solubility of the 
metal sulfides. Sample color is compensated for 
by measuring the absorbancy of a sample solution 
containing hydrogen sulfide against one without 
hydrogen sulfide. Adequate instrumental sensi 
tivity to both color and turbidity is insured by 
the use of a blue filter and a relatively long 
light path. 


METHOD 

Apparatus 

Both model 402-E and model 450 Lumetron 
photoelectric colorimeters (6) have been used in this 
laboratory. While other colorimeters of comparable 
sensitivity might be employed, the model 450 Lume- 
tron uses 100-ml. Nessler tubes etched for a light 
path of 150 mm. and is well suited for absorbancy 
measurements in light-colored solutions. Fre- 
quency variations in the power supply to this labora- 
tory rendered regulation by the constant voltage 
transformer supplied with the instrument unsatis- 
factory in line operation, but good stability of read- 
ings was obtained with an 8-volt storage battery 


Reagents 


Analytical reagent grade chemicals and U. S. P. 
test solutions are used where applicable. Some 
samples of reagent grade acetone have been found to 
produce a faint opalescence upon dilution and acidi- 
fication. Simple distillation removed this anomal 
ism. Hence, purchased acetone is redistilled to pre- 
clude spectrophotometric interference. 


Preparation of Sample 


Treat 4 Gm. of sample by the procedure under 
the following classification which best describes the 
substance, adjusting the final volume of solution in a 
100-ml. graduated cylinder: 

1. Weak Acids.—Dissolve in 50 ml. of acetone 
and dilute to 100 ml. with water 

2. Water-Soluble Neutral Compounds. — Dis 
solve in 40 ml. of water, add 8 ml. of 6% acetic acid, 
50 ml. of acetone, and dilute to 100 ml. with water 

3. Salts of Weak Acids. —Dissolve or moisten 
with a few milliliters of water, add normal hydro- 
chloric acid equivalent to the cation, followed by 50 
mil. of acetone, and dilute to 100 ml. with water, 
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4. Compounds Requiring pH Adjustment (Strong 
Acids, Bases, or Buffers).— Dissolve or slurry in 40 
ml. of water. Adjust to a pH of 3.5 by titrating 
with 10% hydrochloric acid or concentrated am- 
monium hydroxide to a spot indication on Hydrion 
paper,’ or, preferably, with the aid of a glass elec- 
trode pH meter. Add 50 ml. of acetone and dilute 
to 100 ml. with water 

5. Acetone-Soluble Neutral Compounds.——Dis- 
solve in 50 ml. of acetone, add 8 ml. of 6% acetic 
acid, and dilute to 100 ml. with water 

6. Difficultly Soluble Compounds. —If a powder, 
moisten with 20 ml. of 10% hydrochloric acid and 
heat over a steam bath for five minutes. Cool to 
20", allow to stand until the supernatant liquid is 
clear, filter by suction on a Hirsch funnel, and wash 
with a small amount of water. If an oil, extract 
with 20 ml. of 10°) hydrochloric acid and filter the 
extract through a small circle of wet filter paper 
Add two drops of 0.1°% p-nitrophenol indicator solu- 
tion to the filtrate or extract and titrate to a faint 
yellow end point with concentrated ammonium 
hydroxide. Add 8 ml. of 6% acetic acid, 50 mil. of 
acetone, and dilute to 100 ml. with water 

7. Deeply Colored Organic Compounds and 
Those Which React Chromatogenically with Hydro- 
gen Sulfide.-Moisten, in a 600-ml. beaker, with 8 
mil. of concentrated sulfuric acid. Grasp with beaker 
tongs and swirl until any initial reaction subsides 
With continued swirling, heat to boiling over a 
moderate flame to carbonize. Remove flame and 
add 30°, hydrogen peroxide solution drop by drop 
from a 15-ml. pipette, allowing the reaction to sub- 
side somewhat between drops. When there is a 
noticeable diminution in the vigor of the reaction on 
addition of hydrogen peroxide, heat cautiously to 
fumes, remove heat, and resume the additicn of 
hydrogen peroxide until the solution is colorless 
Boil to remove excess peroxide, cool the beaker in 
ice, add 10 ml. of water and two drops of 0.1°) p 
nitrophenol. Neutralize to a faint yellow end point 
with concentrated ammonium hydroxide, add 8 ml 
of 6°) acetic acid, and dilute to 100 ml. with water. 

8. Volatile Liquids.—-Evaporate on a steam bath 
Dissolve the residue in 8 ml. of 6% acetic acid, add 
50 ml. of acetone, and dilute to 100 ml. with water 


Determination of Heavy Metals 


Pour 50 ml. of the prepared sample solution into a 
second LOO-ml. graduated cylinder. To each portion 
add an additional 25 ml. of acetone.?- Verify the pH 
with Hydrion paper or a pH meter, adjusting to 3.5 if 
necessary. To one portion add 20 ml. of saturated 
hydrogen sulfide water and dilute both solutions to 
100 ml. with water 

After exactly ten minutes, measure the absorb- 
ancy of 150 mm. of the solution containing hydro 
gen sulfide against an equal depth of the blank solu 
tion, using a broad band filter with a peak transmis 
sion at 420 mu. 

Read the heavy metals content from a calibration 
curve plotted from absorbancy data on solutions 
prepared by adding aliquots of U. S. P. standard 
lead solution to mixtures of 50 ml. of acetone, 20 
ml. of water, and 4 ml. of 6°) acetic acid, adding 


' Micro Essential Laboratory, Brooklyn, N. Y 

? In isolated cases it may be necessary to modify the ace 
tone concentration at this poimt in order to insure a clear 
solution 
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20 mi. of saturated hydrogen sulfide water, and 
diluting to 100 ml. with water 

Alternatively, measure each sample 
against the 15 p. p. m. (30 yg./2-Gm 
standard and refer to an absorbancy ratio calibra 
tion. The reading against the solution containing 
hydrogen sulfide will then give the heavy metals 
content in terms of current official specifications 
while the blank reading will illustrate the indicated 
correction 


solution 
sample ) 


EXPERIMENTAL 


Absorbancies of two concentrations of lead sul 
fide solutions in 50° acetone, 150 mm. in depth, 
with the set of broad band filters supplied with the 
model 450 Lumetron colorimeter are shown in 
Table I 


ABSORBANCIES OF LEAD SULFIDE SOLvu- 
TIONS 


TABLe I. 


60 wg. Pb 
146 
0 260 
170 


Filter 10 we. Pb 
B-390 O72 0 
B-420 128 
B-490 OSS 0 
B-530 0.140 
B-580 O47 0.100 
B-650 O32 0.065 


Typical calibration curves with the B-420 filter 
are illustrated in Fig. 1 The absorbancy ratio 
technique was suggested by the work of Hiskey, et a/ 
(S) 

The applicability of the method was verified by 
analyzing a number of representative materials. 
Known amounts of standard lead solution equivalent 
to 5 and 10 p. p. m., were added to 
additional portions of each material, and these por 
tions were then analyzed. The results are listed in 
Table Il. The column headed “Apparent” repre 
sents measurement against a lead standard with no 
correction for inherent sample color. The value is 
analogous to one which would be obtained through 
photoelectric interpretation of the official U. S. P 
method. All other values are corrected. 


respectively, 


Absorbancy 


Concentration, pp.m. Pb 
Figure 1. 
Normal calibration curve for 2.0-Gm. sample. 
Ratio calibration curve for 2.0-Gm. sampk 


| 
0.24 
0.22 
0.20 
O18 
| 
0.16 | | 
| 
d 
0.12 
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II. 


Method of 


Sample Preparation 
Acetanilid 5 
Acetic anhydride 8 
Acetophenetidin 5 


Acetyl salicylic acid 
p-Aminosalicylic acid 
Ammonium salicylate 
Benzoic acid 

Caffeine 

Caffeine citrate 

Calcium chloride 

Calcium glycerophosphate 
Chloramphenicol 
Glycerin 
Glycerophosphoric acid 
Magnesium glycerophosphate 
Magnesium salicylate 
Manganese chloride 


Methy! salicylate 6 
Phenolphthalein 6 
Phenylacetamide 5 
Phthaly! sulfathiazole 6 
Potassium glycerophosphate 4 
Saccharin 
Saccharin sodium 3 
Salicylic acid 1 
Sodium acetate 3 
Sodium benzoate 3 
Sodium carbonate } 
Sodium gentisate 7 
Sodium glycerophosphate 4 
Sodium salicylate 3 
Strontium salicylate 3 
Succinyl sulfathiazole 6 
Sulfanilamide 5 
Sulfathiazole 5 
Thenylpyramine HCl 4 
Theobromine 6 


These data represent analytical results obtained 
with 37 different chemicals by triplicate deter- 
minations, two of which incorporate known values 
from which deviations may be taken. The standard 
deviation, s = \ ZSd*/n, calculated from these 74 
individual determinations is 0.75 p. p.m. Round 
ing off the 3s (99.7357) confidence limit to the 
nearest whole p. p. m. illustrates that recoveries of 
added lead up to 10 p. p.m. would be made with an 
accuracy of 2 p. p. m. in over 99° of the deter 
minations 


DISCUSSION 


In the official methods (1, 2) the sample prepara 
tion for each pharmaceutical is specified in the 
individual monograph In some cases the metal 
sulfides are formed in mineral or acetic acid solution 
by the addition of hydrogen sulfide solution, while 
in other cases an alkaline solution and sodium sul- 
fide reagent are specified If the mineral acidity 
is too high, heavy metal sulfide formation is re- 
tarded or inhibited, and low results are obtained 
In alkaline solution iron will react and be measured 
as a heavy metal, whereas in acid solution it will 
not. Since it is desirable to exclude iron from a 
toxic heavy metals test, the conditions of the pro 
posed method were designed to have the pH of all 
sample solutions between 3 and 4. 
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Apparent Pb Corrected Pb 
P. P. M P. P.M. +5 P. P.M. +10 
4 4 Ss 13 
1 l 6 2 
2 2 7 13 
2 l 5 10 
24 3 14 
5 14 
12 5 14 
5 l 6 12 
25 16 21 27 
15 11 15 19 
2 16 21 25 
30 ll 15 20 
3 2 6 ll 
7 1 6 11 
33 25 29 34 
7 13 19 
7 3 8 12 
12 11 16 22 
12 9 l4 19 
3 13 
12 10 15 21 
5 2 6 10 
Ss 10 16 
4 2 s 13 
10 7 ll 15 
7 3 13 
4 2 8 14 
5 2 7 12 
5 0 5 10 
3 2 7 13 
4 2 7 13 
20 5 9 14 
12 11 15 20 
6 2 7 12 
6 0 6 10 
s 3 7 i2 
4 l 5 9 


For adjusting the pH of the solution, Evers (7) 
reported that bromphenol blue had a _ colorless 
plateau in the desired range. We could not duplicate 
his results. p-Nitrophenol is colorless at a pH of 
about 5, and the addition of acetic acid at this point 
will bring the solution within the desired range, 
providing no buffers are present. In the latter case 
the addition of mineral acid and an external in- 
dicator, preferably a pH meter, are required. 

The only substances encountered which did not 
fit readily into the proposed scheme of sample 
preparation were ferric glycerophosphate and man- 
ganese glycerophosphate Various reducing and 
complexing agents tried were of little avail toward 
enabling the measurement of heavy metal sulfides 
in the presence of these chemicals. A measure of 
success was achieved by resorting to an isolation 
technique which was also designed as an alternate 
to the wet ashing procedure. This technique in 
volved extraction of the heavy metals with di- 
thizone, followed by destruction of the dithizone 
with perchloric acid and development of the sulfides 
in a solution of the residue. The advantages over 
the standard lead limit test (4) were, however, 
deemed insufficient to warrant inclusion in the 
proposed method. Experience with materials such 
as sodium gentisate (Table I1) demonstrated that 
the wet ashing technique affords excellent recoveries 
when properly carried out. 


\ 

if, 

~ 


May, 1952 
SUMMARY 


1. The degree to which sample color affects 
the interpretation of heavy metal determinations 
by the current official sulfide method has been 
demonstrated. 

2. A scheme is proposed for unification of the 
conditions of the test and its adaptation to photo 
electric colorimetry, providing for blank com 


pensation, simplicity, and adequate sensitivity 


for the purpose intended. 
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The Manufacture of Compressed Soluble Tablets* 


By G. J. SPERANDIO and H. G. DeKAY” 


Using lactose as a base for soluble tablets, ex- 
periments with different granulating agents 
and lubricants were made in an effort to ob- 
tain a practical working formula. Addi- 
tional reports include findings on the rela- 
tionship of mesh-size of granulation to ease of 
compression and amount of lubricant re- 
quired for compression. A formula and 
procedure for soluble compressed tablets is 
given and two soluble lubricants are sug- 
gested. 


k= since the introduction of tablet triturates 
to the profession (1), pharmacy has been 


interested in soluble tablets and their manufac- 
tablet 


made by 


The original soluble 
molding, 


ture by machines. 


tablets were and consisted 
simply of a base such as lactose containing sol 
uble medication. Tablets made by this method 
were ideal for use as hypodermic 
tablets are still made 


tablets and 
today most hypodermic 
by a modified molding procedure. 

With the 
tablets similar to those used for hypodermic medi 


advent of the antibiotics, soluble 
cation have become a popular form of dosage. 
Very small, rapidly and easily disin 
tegrated, these tablets are recommended for ad 


soluble, 
ministration in infant formulas, milk, or similar 
liquids, and in some instances are placed directly 
under the tongue to be dissolved. Most of these 
tablets have been made by molding rather than 
tablet This 
method of manufacture is used because lactose, 
‘annot normally be com 


by compression on a machine. 


the most common base *« 


* Received May 5, 1950, from the Research Department, 
Purdue University, School of Pharmacy, Lafayette, Ind 

Presented to the Practical Pharmacy Section, A. Pu. A 
Atlantic City meeting, May, 1950 


pressed in a tablet machine without adding to it 
a lubricant to facilitate compression; and since 
most of the good lubricants are insoluble, a 
completely soluble tablet would not be obtained. 

Soluble lubricants have been reported from 
Boric acid (2, 5), sodium chloride 
(3), and mixtures of soluble powders (4) have been 
used for specific tablets but have not proved 
satisfactory in all cases. 


time to time. 


One disadvantage of 
most soluble lubricants, boric acid in particular, 
is that many times a high percentage of the lubri- 
cant is necessary for compression. 

The purpose of this work was to investigate the 
possibilities of making compressed soluble tablets 
from lactose granulations and to find a soluble 
lubricant which would yield a satisfactory tablet 
both from a physical and a therapeutic stand- 
point. Experiments were limited to one base 


lactose—because of its ideal solubility, thera- 


peutic inertness, and low cost. 


EXPERIMENTAL 


Two important factors contributing to the com- 
pressibility of a granulation are the hardness of the 
granules and the percentage of fine powders present. 
Since both of these properties might be imparted to 
a granulation by the relative amount of adhesive 
agent in it, granulations were made using varying 
percentages and varying strength solutions of granu- 
lating agents, so that the best adhesive and the opti 
mum percentage of adhesive for lactose granulations 
might be found. The following granulations were 
made: 

(A) Thirty-nine different formulations with vary 
ing strength solutions of gums and mucilaginous 
substances: 


(1950 


246 
Acacia mucilage, 4-35% strength 
lragacanth mucilage, 1-5% strength 
Pectin gel, 1-5% strength 
Chondrus mucilage, 1—-3% strength 
Karaya mucilage, strength 
Quince seed mucilage, 14% strength 
Gelatin solution, 1-5°% strength 


Agar suspension, 0.25-1% strength 
(B) Thirty different formulations with varying 
strength solutions of sugars: 


Sucrose solution, 2-50% strength 
Maltose solution, strength 
Fructose solution, 2-25% strength 


strength 


Liquid glusose solution, 2-25 
me 


Sorbose solution, 2-25% strength 


C) Thirteen different formulations with varying 
strength solutions of cellulose compounds and so 
dium algimate 


Methyleellulose, Loc p.s solution 
Methyleellulose, 100 c. p. s. solution, l 
Methyleellulose, 400 c. pss. solution 
Methyleellulose, 1,500 c. p. s. solution 
Hydroxyethyl cellulose, | and 2° 
Carboxymethy! cellulose, 1 and 20% solutions 


strength 


> solutions 


Sodium alginate solution, 0.25-2% 
Each of these granulations was made in the same 
manner: powdered lactose was mixed by hand with 
i solution of the granulating agent, then pushed 
through a 20-mesh screen and dried overnight in air 
Che dried granulation was again pushed through a 
20-mesh screen and compression was attempted on 
i Stokes single-punch tablet machine, using a 

«in. die and running at the rate of 90 tablets a 
minute After each attempt at compression, the 
tablet machine was cleaned before a new granulation 
was run. It should be emphasized that the funda 
mental idea was not to find a granulation which 
would run freely by itself, but rather to make com 
parative tests on the relative ease of compression of 
the various granulations and determine which one 
would compress with a minimum of difficulty 

It was found that, of all the gums and mucilagi 
nous substances tried, acacia and gelatin seemed to 
be the only substances showing promise of making 
« good lactose granulation, but neither of these was 
entirely satisfactory because of capping and binding 
in the dic Of all the sugars tried, it was found that 


1 2] solution of liquid glucose offered definite ad 


vantages over all other granulating agents in pre 
paring a compressible granulation. This confirms 
previous work done along the same line (5 Most 
of the granulations made with sugars as the adhesive 
iwents caused trouble by sticking to the surfaces of 
the punches he granulations made with cellulose 
compounds as the adhesive agents varied in com 
pressibility according to the type of cellulose com- 
pound used. Granulations made with 1% solu 
tions of methylcellulose 15, 100, and 400 ¢. p. s. all 
evidenced slight capping and binding but were com 
pressible. Granulations made with a 1% solution 
of methyleellulose 1,500 ¢. p. s. compressed very well 
with only slight sticking to the punches but tablets 
were very Slow to disintegrate 

Additional granulations of lactose were made 
using solutions of liquid glucose in strengths varying 
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from 0.5 to 4% and each granulation was com- 
pressed as before. It was found that a 2% solution 
of liquid glucose was the granulating agent of choice 
for lactose, and that the best granulation was ob 
tained by adding this solution to lactose in the ratio 
of 20 cc. for every 100 Gm. of lactose 

Since soluble tablets are usually very small and 
seldom weigh more than 1 grain, a smaller size 
granulation must be used than is normally needed 
for regular compressed tablets. Experiments were 
conducted to determine the optimum size granule 
for small tablets and to ascertain what effect the 
granule size has on the ease of compression of a gran- 
ulation 

Granulations of lactose were made with the fol- 
lowing granulating agents 


Solutions of liquid glucose 1, 2, 5, 10, and 20% 
Mucilages of acacia 4, 10, and 20% 

2% solution of gelatin 

1% solutions of methylcellulose, 15 and 1,500 


c.p.s 


Each of these granulations were divided into por 
tions and prepared in mesh sizes ranging from 16 
mesh to 8U-mesh. Compression was then attempted 
on the Stokes single-punch tablet machine as in 
the previous experiments. Results of these com 
pressions indicated that a definite rel itionship exists 
between the compressibility of a granulation and the 
granule size. In every instance tried, as the size of 
the granules was decreased, the granulation became 
more difficult to compress without a lubricant. All 
granulations, even those which compressed poorly, 
evidenced more compressibility in a 20-mesh size 
than in any smaller size 

To confirm this theory, additional portions of the 
standard lactose granulation were compressed with 
substances known to be good tablet lubricants 
Samples of the lactose granulation were prepared 
ranging in granule size from 16-mesh to 100-mesh 
Each granulation was then mixed with varying per 
centages of tale and of magnesium stearate and 
tumbled in a closed container until uniformly mixed 
Increasing amounts of the lubricant were added to 
each granulation until satisfactory compression was 
achieved, thus determining the minimum amount 
of lubricant needed for satisfactory compression 
of each mesh-size granulation The following re 
sults were obtained 

(a) 16-mesh granulation required 3% tale for 
satisfactory lubrication 

(b) 20-mesh granulation required 3% tale for 
satisfactory lubrication 

(c) 30-mesh granulation required 5% tale for satis- 
factory lubrication 

d) 40-, 60-, 80-, and 100-mesh granulations were 
not satisfactorily lubricated with 5% tale. 

(e) 16- and 20-mesh granulations required 2% 
magnesium stearate for satisfactory lubrication 

(f) 30-mesh granulation required 5% magnesium 
stearate for satisfactory lubrication 

g) 40-, 60-, 80-, and 100-mesh granulations were 
not lubricated satisfactorily by 5% magnesium 
stearate 

In the above cases no more than 5% lubricant 
was added to any granulation, this being considered 
the maximum amount of lubricant allowable for a 
good granulation With both lubricants, granula 
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tions smaller than 30-mesh would not compress 
satisfactorily with 5% lubricant, while the 16-mesh 
and 20-mesh granules compressed quite well with 
3% tale and with 2% magnesium stearate. 
20-Mesh granulation is to be preferred over the 16- 
mesh for small tablets because it fills the dies more 
evenly and makes possible the compression of tab- 
lets more uniform in weight. 

The following substances were tested for lubricat- 
ing action on the lactose granulation: 


Potassium phosphate 
Sodium benzoate 
Sodium bicarbonate 
Sodium chloride 
Sodium citrate 
Sodium lactate 
Sodium lauryl! sulfate 
Sodium oleate 

Sodium stearate 
Sodium sulfate 


Aminoacetic acid 
Ammonium chloride 
Ammonium citrate 
Ammonium phosphate 
Citric acid 

Magnesium chloride 
Magnesium sulfate 
Potassium benzoate 
Potassium chloride 
Potassium citrate 


Each compound was mixed with the granulation in 
amounts ranging from 1 to 5% by weight, and com- 
pression was attempted on the Stokes single-punch 
tablet machine. Four substances offered evidence 
of lubrication to the granulation: sodium benzoate, 
sodium oleate, sodium stearate, and sodium lauryl 
sulfate. The best lubrication was obtained when 
these substances were present in the granulation to 
the extent of 2%, except for sodium stearate which 
gave good lubrication in a 1% proportion. However, 
all of the tablets made with these lubricants had a 
slow disintegration time (three minutes) and did not 
dissolve to give a completely clear solution. Of all 
the tablets tested, those made with sodium benzoate 
as a lubricant were the best, dissolving in two min- 
utes to give a relatively clear solution. 

In literature of the Carbon and Carbide Chemical 
Corporation, the “Carbowax"’ compounds are ad 
vocated for use as water-soluble waxes. Exami 
nation of samples showed them to be of smooth na 
ture, soluble in water, and their suitability as tab 
let lubricants was investigated. Lactose granu- 
lations were made and samples of “Carbowax 1500” 
and “Carbowax 4000" were added both in varying 
strength solutions and in powdered form. It was 
found that “Carbowax 4000” powdered to a 30-mesh 
size gave excellent lubrication to the granulation 
when added in the amount of 4%. Tablets thus 
made were found to be of excellent appearance with 
a solubility time of approximately two minutes, 
forming a clear solution. 

Theorizing that the degree of fineness of the lubri- 
cant might affect the speed of disintegration of the 
tablets, attempts were made to determine the opti- 
mum mesh-size lubricant for the lactose granulation. 
Accordingly, samples of the ““Carbowax 4000” were 
made in varying degrees of fineness by pushing them 
through screens ranging in size from 30-mesh to 80- 
mesh. Samples of the granulation were then mixed 
with portions of the powdered lubricant in in 
creasingly large amounts until satisfactory com- 
pression was attained. The minimum amount of 
each mesh-size lubricant needed for satisfactory com- 
pression was determined and the resulting tablets 
were tested for speed of disintegration and solubil- 
ity. The results are shown in Table I. 

From these results it would appear that a smaller 
amount of a powdered lubricant is needed when it is 
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in a finer state of subdivision, and that the disin- 
tegration time of the tablet is decreased as the par- 
ticle size of the lubricant is decreased. Also, in the 
case of “Carbowax 4000," a 60-mesh powder offers 
more rapid disintegration to the tablet than other 
mesh sizes of the same compound. Possibly this 
compound may be used as a soluble lubricant for 
compressed hypodermic tablets since it has been re- 
ported to have a relatively low toxicity (6,7). 


TABLE I.--DISINTEGRATION AND SOLUBILITY OF 
TABLETS COMPRESSED WITH DIFFERENT MESH-SIZE 
LUBRICANTS 


Minimum 
Needed Disin 
Mesh for tegration Solubility 
Size of Lubri Time of Time of 
Lubricant cation, Tablets Tablets 
30 4 3 min 4 min. 
40 3 23: sec. 1 min. 
60 2 17 sec. 45 sec. 
80 2 40 sec 70 sec. 


Compression of the lactose granulation was next 
attempted on the rotary tablet machine, using pow- 
dered “Carbowax 4000” as a lubricant. . A trial lot 
of 3,000 tablets was made using */» in. punches, the 
weight of each tablet being 1 grain. Compression 
was satisfactory and the machine ran without diffi 
culty, but a slight sticking to the surfaces of the 
upper punches was noticed. After eliminating all 
other possible causes of sticking, it was found that 
the degree of pressure used during compression ma 
terially affects both the degree of sticking and the 
rate of disintegration of the finished tablet. By 
carefully adjusting the pressure on the tablet ma- 
chine to yield a firm tablet with a hardness of 2 Kg. 
as measured by the Monsanto hardness tester, a 
tablet was obtained which did not stick and which 
disintegrated in thirty seconds. Small particles of 
the Carbowax remained in suspension, requiring an 
additional fifteen seconds to dissolve. 

Since previous experiments had indicated that so- 
dium benzoate might also be a satisfactory lubricant 
for the lactose granulation, additional tests using it 
as alubricant were made. According to Scoville (8), 
sodium acetate increases the solubility of sodium 
benzoate. Different portions of the lactose granu- 
lation were lubricated with varying mixtures of 
these two powdered substances and compressed. It 
was found that the best lubrication was offered by a 
mixture of 4% sodium benzoate and 1% sodium ace- 
tate 

The formulas and procedures for compressed sol- 
uble tablets may be written as follows: 


Tablets Containing 
More Than 


Tablets Containing 
Less Than 


Ingredients '', Grain Medication '/4 Grain Medication 
Medication Requiredamount Required amount 
Lactose qg.s.to 0.5 gr. per g.s. to 0.9 gr. per 

tablet tablet 
2°, Solution 
of liquid 
glucose 20 ce. /100 Gm. 20 cc. /100 Gm. 


Calculate the number of tablets desired and mul- 
tiply the amounts of ingredients by that number. 
Mix the medication with the lactose thoroughly and 
granulate by hand with the glucose solution. Push 
through a 20-mesh screen and dry in air. Rescreen 
through_a 20-mesh sieve and weigh 


Add either of 
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the following lubricants: 4% sodium benzoate 60- 
mesh and 1% sodium acetate 60-mesh, or 2% pow 
dered “Carbowax 4000" (60-mesh). Mix well by 
tumbling and compress 


SUMMARY AND CONCLUSIONS 
1. The 


pressed soluble tablets using lactose as a base is 


most suitable granulation for com 


made by granulating lactose with a 2 per cent 
solution of liquid glucose. 

2 with sugars 
as the adhesives compress more readily and dis 
integrate more quickly 
gums 


Lactose granulations made 


than those made with 
3. The amount of lubricant required for a 
lactose granulation increases as the 
decreases. 

4. A 


making compressed tablets weighing one 


granule size 


20-mesh granule is the optimum size for 


grain or 


less 


The stability of thiamine hydrochloride in- 
jection is influenced, among other factors, by 
the nature and preparation of the filter used 
in the bacteriological or polishing filtration. 
Of three filters studied, the Seitz type proved 
least desirable. The Pyrex fritted glass 
candle type was found superior, and the 
Selas 03 candle, previously ignited and then 
washed with hyde ochloric acid and water, 
proved second best. 


M* VARIABLES may affect the stability of 

thiamine hydrochloride in parenteral solu 
tion (1, 2): the manufacturing source and par 
ticular batch of raw material; 
the pH; the presence of trace heavy 
the bacteriostatic < 


the concentration 
of solution; 
metals; agent used; the na 
ture of the ampul or vial and closure, and their 
cleansing; the storage such as 
temperature, nature of the atmosphere above the 


conditions of 
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Presented to the Scientific Section, A. Pau. A, 
meeting, August, 105 
Professor of Pharmaceutical Chemistry 
versity College of Pharmacy 
Bigelow Fellow, Columtma University 


Buffalo 
Columbia Uni 


College of Phar 


macy 


Filter Technique as a Factor in the Stability of 
Thiamine Hydrochloride Injections* 


By ABRAHAM TAUB} and SIDNEY PAIKOFF? 


Vol. XLI, No. 5 


5. Smaller amounts of a lubricant are needed 
when the lubricant is in a very fine powder, and 
the disintegration time of the tablet is decreased 
as the particle size of the lubricant is decreased. 

6. A mixture of 4 per cent sodium benzoate 
and | per cent sodium acetate as a 60-mesh pow- 
der ts a satisfactory soluble lubricant. 

7. Powdered “Carbowax 4000" in a 60-mesh 
size is a satisfactory soluble lubricant for tablet 
granulations. 
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solution, and length of storage; 


the method of 
sterilization; and other manufacturing proce- 
dures. 

Little has been published concerning the effect 
upon thiamine stability of different techniques of 
aseptic filtration or of obtaining filtrates of a high 
Most widely used filtration 
processes involve the use of a Selas micro-porous 
porcelain filter candle of 02 or 03 porosity. Also 
employed, particularly where pyrogen elimina- 
tion is desired, are the Seitz and Ertel type asbes 
tos filters. In connection with both the Selas 
and the pyrogen-removal filters, an additional 
line filter of stoneware, alundum, or fritted glass 
of fine porosity is frequently used for removing 
stray fibers or for polishing the filtrate to a rela 
tively high degree of clarity. 


degree of clarity. 


It is the purpose of the present study to com- 
pare the effects of several filter techniques, par- 
ticularly with reference to the nature and prepara- 
tion of the filter. Selas 03, Pyrex fritted glass 
ultra-fine, and Seitz filters were selected for inves 
tigation. 
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PROCEDURE 


Selas candles, made by sintering porcelain parti 
cles of controlled size, have largely replaced the 
Chamberland, Berkefeld, and Mandler candles be- 
cause of the former's greater degree of mechanical 
strength and resistance to heat and chemicals. 
Selas 03 candles with glazed porcelain connecting 
nipples, having a diameter of 1.55 cm., a filter 
length of 5 cm., and maximum pore radius of 0.6 4, 
were used in the experiments 

Selas candles act by particle retention rather than 
by adsorption and therefore should be cleaned fre 
quently. Washing with water and chromic acid 
cleaning fluid and other reagents, as well as ignition 
methods, have been recommended for cleaning. In 
the present study, three methods of cleaning were 
selected. To avoid possible contamination of the 
thiamine hydrochloride solution from traces of re 
tained reagents, it was decided to limit the washing 
liquids to water (distilled ) and hydrochloric acid. 

One method of cleaning consisted of washing the 
Selas candle by gentle suction with 100 cc. of hydro- 
chloric acid U. S. P., immersing for one week in hy 
drochloric acid, flushing with water until free of acid, 
drying, and igniting in a Selas candle furnace at 
540° for five hours. After cooling, the candle was 
flushed with 1 L. of water. In the second method, 
the candle was first ignited at 540° for five hours, 
cooled, and flushed with 1 L. of water, then with 100 
ec. of hydrochloric acid, then immersed for one week 
in hydrochloric acid, and finally flushed free of acid 
with water. In the third method, the Selas candle 
was washed simply with 2 L. of water under slight 
vacuum. In each of the three methods, the integrity 
of the Selas candle was checked by the Bubbling 
Pressure Test as recommended by the manufactur 
ers (3) 

The Seitz filter used was type EK-t, containing a 
sterilization-type asbestos pad having a diameter 
of 6 cm. and a thickness of 0.2cm. A new pad was 
used for the filtration of each sample of thiamine hy 
drochloride solution. The asbestos pad was washed 
with 4 L. of water before use. In the filtration setup, 
an additional line filter of fine sintered giass was used 
to remove stray asbestos fibers from the filtrate 

The Pyrex fritted glass filter, No. 35000, was an 
ultra-fine tubular (candle) filter with fused glass con- 
necting nipple. The candle had a diameter of 1.55 
em. and a 5-cm. length of fritted section. The maxi 
mum pore radius was 06 4. The filter was flushed 
under vacuum with 100 cc. of hydrochloric acid, im 
mersed in hydrochloric acid for one week, and then 
flushed free of acid with water. 

All the filters after cleaning were set up in filter 
flasks for aseptic vacuum filtration and auto- 
claved at 15 Ib. (121.5°) for twenty minutes just 
before use. 

The thiamine hydrochloride solutions were pre- 
pared in water for injection at a concentration of 50 
mg./ec. Ampul grades of thiamine hydrochloride 
were obtained from three sources: Merck & Co., 
Inc.; Chas. Pfizer & Co., Inc.; and Hoffmann- 
LaRoche, Inc. The solutions were adjusted to pH 
4 (glass electrode) with sodium hydroxide U. S. P 
As bacteriostatic agents, a combination .of 0.02", 
propylparaben and 0.180, methylparaben was used 
throughout. The solutions, after aseptic filtration 
through each of the differently prepared filters, 
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were then filled into 5-cc. clear glass, washed and 
sterilized Kimble ampuls, and sealed under an at- 
mosphere of nitrogen. One half of each batch was 
steamed at 100° for thirty minutes 

Ampuled solutions were assayed, tested for steril- 
ity, and stored in the dark at 23° + 4° for one year 
Results which indicate the effect on the color, on 
the formation of sediment, and on the percentage 
decomposition of thiamine hydrochloride are shown 
in Table I. 


SUMMARY 


There are no significant differences in percentage 
of thiamine decomposition when thiamine hydro- 
chloride injections are filtered through Pyrex ultra- 
fine fritted glass filters or Selas 03 porcelain filters 
prepared by either of the three processes described, 
but Seitz filtration results in slightly greater thia- 
mine loss 

However, the effects of different filter techniques 
upon color change and sedimentation are more 
marked. Amber coloration and heavy precipitation 
result from the Seitz filter or from the water-washed 
Selas candle. With respect to the ignition treatment 
of Selas candles, sedimentation is heavier when a 
candle is washed with hydrochloric acid and water 
and then ignited, than when these processes are re- 
versed. Both processes, however, give less precipi- 
tation and discoloration than is the case when the 
Selas candle is washed only with water. 

Discoloration and sedimentation are at a mini- 
mum when a hydrochloric acid- and water-washed, 
ultra-fine Pyrex fritted glass candle is used. 

The source and particular lot of the thiamine hy- 
drochloride is a factor which may affect its stability 
adversely even when filtration conditions are at op- 
timum. 

Heat treatment of ampuls of thiamine hydrochlo- 
ride injection at 100° for one-half hour results in a 
slightly increased deterioration compared to aseptic 
handling, under practically all types of filter tech- 
niques studied. 

Both the ultra-fine Pyrex fritted glass filter candle 
and the Selas 03 candle, first ignited and then washed 
with hydrochloric acid and water, yield solutions 
which meet U.S. P. XIV standards for thiamine hy- 
drochloride injection, which permit a slight turbid- 
ity or precipitate. 


DISCUSSION 


In attempting to explain the somewhat supe- 
rior action of the Pyrex fritted glass candle over 
the porcelain Selas candle in the filtration of 
thiamine hydrochloride solutions, the difference 
in composition of the two filter media is of inter- 
est. Pyrex, essentially a borosilicate glass, con- 
tains considerably less alumina and alkali oxides, 
no lime, and only minute traces of heavy metals, 
compared to porcelain in which relatively larger 
The term 
is a relative one. Even 


percentages of these are present. 


“chemical inertness” 


slight quantities of some of these components, 
extracted by solutions of low pH, may have a det- 
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Tape I.--ReLATIVE STABILITY OF THIAMINE HYDROCHLORIDE INJECTIONS PROCESSED BY DIFFERENT 


B, Source No. |! 


Color* Pptn Loss 
Selas Candle (acid 
washed and ignited 
Aseptic Y 2 6 


Steamed, 100 3 7 
Selas Candle (ignited 
and acid-washed 
Aseptic Y l 
Steamed, 100 l 
Selas Candle (water 
washed 
Aseptic A 3 7 
Steamed, 100 A 4 7 
Pyrex UF Candle (acid 
washed 
Aseptic Cc 0 4 
Steamed, 100 5 
Seitz Filter (water 
washed 
Aseptic A 10 
Steamed, 100 \ 4 ll 


Color is expressed as follows: C. colorless 


rimental effect upon thiamine stability. While 
no comparable data are available, it is interesting 
to note that in a National Bureau of Standards 
study (4) it was shown that Pyrex glass, when ex- 
posed to a 5 per cent solution of sodium chloride 
acidified with hydrochloric acid (pH of about 4), 
showed less erosion than any other glass. It may 
also be noted that distilled water produced three 
times as much erosion on the Pyrex glass, and a 
neutral solution of sodium chloride produced over 
one hundred times as much erosion, 

It is obvious that no single type of filter is suit- 
able for the filtration of all injectable solutions. 
At neutial or high pH, or where ignition of the 
candle is necessary to remove certain organic 
precipitation impurities, the fritted glass candle 
may not prove as applicable as the Selas candle 
filter, properly prepared 

For the sensitive thiamine hydrochloride solu- 
tion, however, the Pyrex fritted ultra-fine glass 


filter, now available in candle form, does provide 


yellowish 
* Degree of precipitation is expressed numerically as follows 
upright ampul; 2, slight cloud; 3, light sediment; 4, heavy sediment 


FILTER TECHNIQUES, AFTER ONE YEAR AT 23° + 4 


B, Source No. 2 B, Source No. 3 


Color* Pptna ” Loss Color® Pptn.’ Loss 
Y ; 7 ¥ 2 5 
Ss Y 3 7 
7 l 6 
Y 2 7 
A 4 7 A 2 a) 
6 Cc 0 5 
Y l 6 
A 3 10 A 3 ” 
A 4 2 A 4 lv 


A, amber 
0, clear, 1, very faint spiral cloud formed upon rotation of 


a suitable filter for producing a sterile, clear solu 
tion of good stability. 

With respect to commercial applicability, the 
flow rate of the Pyrex UF candle filter compares 
favorably with the Selas 03 candle. Under 30 
mm. pressure, the flow rate of the Pyrex 
filter, of l-inch diameter and S8-in, fritted glass 
length, was found to be approximately 7 L. per 
hour for a thiamine hydrochloride solution pre- 
filtered through Whatman No. 4 paper. For the 
Selas 03 candle of the same dimensions, the flow 
rate under: the same conditions was found to be 
approximately 6.5 L. per hour. 
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Preparation and Storage of Autoclaved Pectin 
Solutions® 


By T. H. SCHULTZ, H. LOTZKAR, H. S. OWENS, and W. D. MACLAY 


Solutions of autoclaved pectin, designed to be useful as a blood-plasma extender, have 


been clarified by centrifugation and use of bacterial filters. 
fectiveness of several types of filters are evaluated. 


Filtration rates and ef- 
Storage studies showed that these 


solutions can be kept at least two years under refrigeration with little change. At 

body temperature and the pH of blood, the degradation of pectin into smaller mole- 

cules is relatively faster, which may be of importance in promoting elimination at a 
satisfactory rate and preventing harmful effects. 


IT RECENT years, there has been considerable in 

terest in development of suitable extenders for 
blood plasma. Pectin received attention during 
World War II and results of tests in about 600 
clinical cases have been reported (1). From 
these reports it appeared to be nonallergenic 
and, when autoclaved to alter its physical proper 
ties, showed no serious adverse physiological 
after-effects. The material is a commercial prod 
uct of immediate availability and adequacy of 
supply. 

Phe purpose of this paper is to report work of 
recent years at this Laboratory on methods of 
filtering and effects of storage on solutions of pec 
tin autoclaved to an average molecular weight 
within the limits required for a blood-plasma 


extender. 


METHODS AND MATERIALS 


Preparation of Solutions. 
N. F 
uronic 
10.2%; 


Solutions, 


The samples of pectin 
used had the following ptoperties: anhydro 
acid 85%; methoxyl content, 
intrinsic ibout 4 dl. per Gm 
1.5°% in concentration, were made with 
flasks at 118 
Potal time, including warm-up 
After this treat 
meut, the number average molecular weight of the 
pectin was about 18,000, a lower value than that 
for the plasma proteins. Because of the shape of 
the pectin molecule (2), however, this low value is 
required for its solutions in order to make both the 
viscosity and colloid osmotic pressure close in value 
The weight average 
molecular weight was probably about twice as high, 
or about 30,000 to 40,000, which is in the range of 
pectins used by other investigators (1 
Reagent-grade sodium chloride was dissolved in 
three of the four autoclaved pectin solutions used in 


content, 
Viscosity, 


distilled water and autoclaved in 2-L 
for fifteen minutes 


and cooling to 100°, was one hour 


to these properties of blood 


the storage studies to make the salt concentration 
0.90%. After clarification, the pH of one of these 
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solutions was increased to 7.34 by addition of sodium 
orthophosphate. All but one of the filtered pectin 
solutions used in the storage studies were protected 
from contamination by microorganisms with 0.001% 
of phenylmercuric borate 

Centrifuging Equipment. Preliminary clarifica- 
tion, in which most of the insoluble matter was re- 
moved, was done with a Sharples Super Centrifuge, 
with a bow! 1.75 inches in diameter, operated at 
20,000 to 50,000 p.m 

Filtration. — Data on the bacterial filters used are 
given in Table I. A comprehensive discussion of 
the physicochemical and bacteriological principles 
underlying this type of filtration is given by Mudd 
(3 

Filtration rate measurements at 20 Ib. per sq. in 
and 25° + 0.5° were made by collecting the filtrate 
in 500-ml. graduated cylinders and recording the 
time in seconds required for the volume to reach 
each 50-ml. mark. Fifty-milliliter cuts were taken 
at intervals for determination of viscosity and tur 
bidity 

Solutions for the storage 
through a 2 x 10-inch, No. 12 Mandler candle, 
using suction into a 4-L. flask. The assembled unit 
had been autoclaved thirty minutes at 118°, with 
openings protected by cotton plugs 

Procedure for Cleaning Filter Candles. The 
usual method of cleaning consisted of backwashing 
with hot tap water at 22 Ib. per sq. in. for about one 
hour, followed by washing in 0.1 NN hydrochloric 
acid, thorough rinsing with distilled water, and dry 
ing by suction for five minutes or several hours in 
a vacuum oven at 70 In a few cases the candle 
was cleaned enzymatically? with Pectinol 10O0D® at 
pH 3.7 and autoclaved in addition to the regular 
cleaning. 

Bottling and Storage. Sterilized 100-ml 
were used for storage studies 


studies were filtered 


bottles 
After the bottles 
were filled and the plastic caps were wrapped with 
Parafilm, they were placed in constant temperature 
rooms at 0°, 24°, and 35° + 0.5 Specimens taken 
at the various time intervals consisted of separate 
bottles of solution 

Physical Measurements. 
tions were made with 10-ml 
Ostwald-Cannon-Fenske pipette calibrated with 
water, in a bath at 25° + 0.03 The relative vis- 
cosity is the ratio of the viscosity of the solution to 
the viscosity of the solvent Where salt is present, 


Viscosity determina- 
samples in a No. 100 


? Berkefeld candles used in filtration of blood plasma have 
been advantageously cleaned with pepsin solution (4 
* Manufactured by Rohm and Haas Co., Philadelphia, Pa 


251 


TABLE 
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DATA ON BACTERIAL FILTER CANDLES USED 


- XLI, No. 5 


Maximum 


Bubbling Pore 
Brand Principal Pressure Diameter 
Name Material Size, In Porosity No. Lb. Sq. In Microns 
Mandler Diatomaceous 1x8 13 13 3.3 
earth 
Mandler Diatomaceous 1x8 3.0 
earth 
Selas Porcelain 5/5x6 Ol 7 6.0 
Selas Porcelain */ex6 02 25 1.7 
Selas Porcelain 1x8 03 3S 2.3 
Seitz* Asbestos? Dia. = 2° Serum No. | 
Mandler Diatomaceous earth 2x10 12 12 3.5 


* The filtering element is a sheet instead of a candle 


the solvent is considered to be 0.90% sodium chlo 
ride solution. Osmotic pressures were determined as 
described earlier (2 

Turbidity determinations were made with a Lume- 
tron photoelectric colorimeter, using the pickup at 
tachment for measuring scattered light at right 
angles to the incident beam and a 590-mau color fil 
ter. The instrument was adjusted to zero with 
water and balanced at 100 on the scale with barium 
sulfate sol as standard. The standard was prepared 
by mixing 25 ml. of 95% ethanol, 5 ml. of barium 
chloride solution (100 Gm. of ihe dihydrate and 50 
ml. of 37% hydrochloric acid per liter), 10.0 ml. of 
0.0100 N sulfuric acid, and distilled water to make 
a total of 50.0 ml. The sol was used in the colori- 
meter within twenty minutes after preparation 
For routine tests, use was made of a secondary 
standard, consisting of a white tile set against the 
end of the pickup attachment. Turbidity readings 
were corrected to what they would have been if the 
intensity of primary light had been 100% through 
out the solution and all of the scattered light di 
rected toward the pickup photoelectric cells had 
actually reached them. This was necessary be 
cause the color of some of the storage samples in 
creased. A rough idea of what the turbidity values 
mean is obtained from the observation that solutions 
with readings as high as 17 (corrected) appear prac 
tically water-clear, if viewed in a 100-ml. bottle 
close to the window with a dark background. A 
solution with a rating of 30 is slightly turbid. Sam 
ple bottles taken in the storage studies were shaken 
ind then allowed to stand ten minutes to become 
free from air bubbles before filling the colorimeter 
sample cell 

Color intensity measurements were made with a 
Klett-Summerson photoelectric colorimeter, using a 
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Fig. 1.--Filtration of autoclaved pectin solution 
Effect of speed of centrifuging before filtering. 
Filter candle, 1 x 8-inch Mandler No. 14. 


40-mm. sample cell and a 420-my color filter. The 
sample was not shaken before this test. The in- 


strument was adjusted to zero with water in the 
cell 


RESULTS 


Value of Centrifuging before Filtration.—If we 
define the capacity of a filter candle as the volume in 
ml. received before the rate decreases to 0.50 ml. per 
minute per square inch, the capacity of a fine-grade 
Mandler candle was increased from 470 ml. to 
1,520 and 3,200 by super-centrifuging at 20,000 
and 50,000 r. p. m., respectively, as shown in Fig. 1 
The three measurements were made in the order 
named with the same filter candle, cleaned between 
runs by the ordinary backwashing procedure. The 
improvement probably would have been even more 
striking if enzymatic cleaning had been used 
Minima and maxima in the early part of the rate 
curves, as shown in Fig. 1, were obtained only when 
the candle had been dried at 70° instead of at room 
temperature. 

Comparison of Types and Grades of Bacterial 
Filters..Rates of filtration with filters of three 
types are shown in Fig. 2. The abscissae of the 
points for the Selas No. 02 and Seitz curves were in- 
creased to what they would have been if the filtering 
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Fig. 2.—-Filtration of autoclaved pectin solution, 
centrifuged at 20,000 r. p. m. Comparison of 
filters. 


areas were 24 sq. in., the same as with 1 x 8-inch 
candles. Filtration was considerably more rapid 
through the Mandler candle than with filters of the 
other types.‘ Capacities, as defined above, were 
1330, 480, and 430 ml., respectively, for Mandler 


* Selas No. 015 candles, with a maximum pore diameter of 
2.8 w, were not available at the time of these experiments, 
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No. 13, Selas No. 02, and Selas No. U3 candles. The 
curve for the Mandler candle is representative of 
what could be expected for repeated use of the same 
candle with proper cleaning between runs. Both 
of the Selas candles were new. One trial was made 
with a Selas No. Ol candle. The rate was very fast, 
remaining constant at 44 ml. per minute per square 
inch up to a volume of 4,470 ml., but the clarity of 
the solution was not appreciably improved. 

Repeated Use of Filter Candles.— Filtration rates 
in successive runs with a stock solution and with the 
same Mandler No. 13 candle, cleaned by the usual 
backwashing method between runs, are shown in 
Fig. 3. The capacity of the candle decreased from 
2,780 mil. in the first run to 500 ml. in the fifth and 
sixth. After the sixth run, the candle was cleaned 
enzymatically. The filtration rate in the next run 
was improved and the capacity increased to 1,520 
ml 

Effect of Filtration on Turbidity. The turbidity 
of 1.5% solution of autoclaved pectin, after centri- 
fuging at 20,000 r. p. m., usually was 40 to 50. The 
solution which was centrifuged at 50,000 r. p. m 
was rated 29 

When the centrifuged solution was filtered at a 
pressure of 20 Ib. per sq. in. through a Mandler No 
13 or 14 candle, the turbidity of the first 50 ml. of 
filtrate was very low, from 1 to6. As filtration pro- 
gressed, the turbidity increased and then remained 
nearly constant at about 25 during the last third of 
the run. The turbidity of the filtrate obtained with 
the Selas No. 03 candle varied from 1 on the first 
cut to 13 at the end. The whole filtrate obtained 
with the Seitz filter was rated at 10. 

Effect of Filtration on Ash Content.—The silica 
content was reduced from 0.2 to 0.3% to about 
0.025% (based on weight of dry pectin) when coarse- 
grade Mandler candles were used in earlier filtration 
experiments. However, the ash content increased 
considerably, in one instance from 0.7 to 24% 
This is believed due to ion exchange reactions, cat- 
ions being taken from tap water during backwash- 
ing. After a hydrochloric acid wash was added to 
the cleaning procedure, little, if any, increase in ash 
content was observed. In the present experiments, 
the ash content of the original pectin was 0.59%. 
After centrifuging at 20,000 r. p. m., it was 0.30% 
Subsequent filtration with Mandler No. 14 and 
Selas No. 03 candles gave 0.32% and 0.24%, re 
spectively. The greater part of the remaining ash 
consists of salts of calcium, aluminum, sodium, and 
magnesium 
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Fig. 3.—-Filtration of autoclaved pectin solution, 
centrifuged at 20,000 r. p. m. Repeated use of 
filter candle, 1 x 8-inch Mandler No. 13. 
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Effect of Filtration on Pectin Concentration and 
Viscosity.—Filtration through fine-grade candles 
had little effect on the pectin concentration, pro- 
vided filtration was stopped when the rate decreased 
to 0.50 ml. per minute per square inch. Relative 
viscosities of samples taken during a number of the 
runs were consistent with the relative viscosity of 
the unfiltered solution. However, when filtration 
through a Mandler candle was continued until the 
rate fell to 0.05 ml. per minute per square inch, the 
relative viscosity of the final cut was 5.35, compared 
with 5.87 before filtering. This effect was more 
striking with the Selas No. 03 candle which gave a 
final value of 4.37 under the same conditions. The 
first half of the filtrate from the run with the Seitz 
filter had a relative viscosity of 5.85, and the second 
half showed a relative viscosity of 5.49. 

Storage Stability.—Changes in viscosity of auto- 
claved pectin solutions during storage are shown 
in Table II and Fig. 4. Storage was in soft-glass 
bottles and preservative was present in all cases ex- 
cept where noted to the contrary. In 0.90% so- 
dium chloride, at natural pH,' the specific viscosity 
(relative viscosity minus one) changed only 3.19 
during a period of two years at 0°. The rate in- 
creased rapidly with temperature. At 24° the de- 
crease in specific viscosity was 51%, and at 35° it was 
95% over a two-year period. During the same time 


* The term ‘‘natural pH" refers to the unadjusted pH of 
the solution, which was 33 to 3.6. In this investigation it is 
not the true natural pH of pectinic acid because the pectin 
had been partially neutralized with ammonia by the manufac- 
turer 
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Fig. 4. Relative viscosity of autoclaved pectin solutions vs. time of 


24°, and 35°C sodium chloride conen 
out preservative; A, sodium chloride conen 
natural pH; @, same but in Pyrex bottles 


it O° the change in number average molecular 
weight, from osmotic pressure measurements, was 
less than experimental error At 24° it decreased 
irom about 18,000 to about 13,000. At 35° deg 
radation was somewhat greater in the presence of 
phenylmercuric borate, although at 24° there was 
no difference in rate rhe reason for this difference 
is not clear 

Solution which contained no salt was more stable 
than those containing sodium chloride, the rate of 
decrease in viscosity being 33 57% is fast his 
ippears to be due to the fact that salt lowers the pu 
of pectin solution. Solution stored in Pyrex bottles 
decreased in viscosity slightly more than that 
stored in soft-glass bottles 

Solution which was adjusted to pH 7.35 at the be 
ginning showed a rapid decrease in viscosity at first, 
hut later, after the pH had decreased, the ch inge in 
Viscosity was slower than in the corresponding solu 
tions at natural pH, indicating that the optimum 
pu for stability is near 4 or 5 

Changes in pH. — Figure 5 shows decreases in pH 


which occurred during storage The solution con 
taming salt, at natural pH, decreased from 3.36 to 
3.27 during two vears at 0 At 24° the final pH 
was 3.01 and at 35° it was 2.60 rhe kind of glass 


in the storage bottles had no measurable effect on 
the pu 

Turbidity of Storage Samples. The effect of 
storage on turbidity of autoclaved pectin solutions 
is shown in Fig. 6. In 0.90% sodium chloride, at 
natural pH, there was no significant change in tur 
bidity over a two-year period at 0° or 24 All of 
the samples stored at 35° increased in turbidity duc 
to the formation of a flocculent brown precipitate 
which appeared as sediment after seven months 
There was no appreciable difference between the 
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storage at 0°, 
0.90°,, natural pH x, same, but with- 
0.90°¢°, initial pH 7.35 ], no salt, 


samples stored in Pyrex and in soft-glass bottles 
Half of the samples which contained no preservative 
became moldy despite precautions to keep the solu 
tion sterile during bottling. At 0° it required be- 
tween two and seven months for the mold to become 
visible. 

Color Development. —Changes in color intensity 
during storage are shown in Fig. 7. At natural pH 
there was very little color development at 0°, the 
samples became light yellow at 24°, and yellowish 


brown at 35 At initial pH 7.35 the solution be- 
came yellow immediately upon addition of the sod 
ium phosphate solution Then, during storage, 


there was a relatively rapid increase in color at first, 
after which there was practically no change, except 
at 35° 


DISCUSSION 


Clarification. Choice of the most satisfactory 
large-scale method for clarification of autoclaved 
pectin solution depends on a number of factors, such 
as costs of various filters, cost of cleaning filter 
candles, the clarity specification for the finished 
solution, etc., as well as upon filtration rates and 
capacities of the various types and grades of filters 
From the data in this report it appears probable 
that the best method would consist of centrifugation 
with a high field, followed by filtration with a system 
having as high a capacity per unit area as is consis 
tent with the degree of clarity required and with re 
moval of microorganisms. If filter candles are used, 
filtration should be stopped before the rate falls 
much below 0.5 ml. per minute per square inch, 
since further operation gives little yield and is time 
consuming. At rates lower than this, the pores are 
so clogged that part of the pectin molecules are 
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Turbidity of autoclaved pectin solutions vs. time of storage 
same meaning as in Fig. 4 


Fig. 6 


strained from the solution, judging from the ob 
served decrease in viscosity of the filtrate 

The exact nature of the relatively large colloidal 
particles, which remain after super-centrifuging and 
cause turbidity, is not known. Autoclaved pectin 
molecules contribute very little, if any, to scatter 


360 450 S40 


Symbols have 


ing of light, for the first cut of filtrate with a Selas 
No. 03 candle showed a turbidity reading only '/x 
that of the unfiltered solution, although viscosity 
data showed no difference in pectin concentration. 
The increase in filtrate turbidity as filtration pro- 
ceeds indicates that some of the particles are a little 
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Fig. 7. -Color intensity of autoclaved pectin solutions vs. time of storage. Symbols have 


smaller than the pores in the candle. Their travel 
is impeded but they gradually work their way 
through. The remainder of the particles are about 
the same size as the pores, or larger, and therefore 
are strained out or retained in the filter. This ma- 
terial is presumed to be mainly siliceous matter, be 
cause the silica content is greatly reduced by the 
over-all clarification treatment However, the 
candle-cleaning experiments show that a consider 
able part of the material which clogs the pores is sub- 
ject to enzymatic action. This may be due to a 
small amount of pectin, acting as a binder on silice- 
ous matter, but it appears more likely that part of 
the material of relatively large particle-size is a 
nonpectin carbohydrate. The enzymes in Pectinol 
hydrolyze a number of different carbohydrates 
Enzymatic cleaning of filter candles would probably 
be economical and it is likely that the time required 
for cleaning could be materially reduced below that 
described here 

Storage. — The high stability of autoclaved pectin 
solution containing 0.9% sodium chloride at 0 
shows the practicability of preparing solutions for 
intravenous infusions two years or more before use, 
provided they are stored under refrigeration. Rela 
tively short storage at room temperature would not 
be harmful. Stability could probably be improved 
further by adjustment of the pH to about 4 or 5 
If it is desired to adjust the pH to that of blood, it 
would be better to add sodium phosphate solution 
just before infusion, because degradation, as indi- 
cated by viscosity change, is faster at the higher pH 
This effect may be important in breaking down pec- 
tin molecules to such size that they are slowly 
eliminated by the kidneys and have only transient 
effects, if any, on the spleen, liver, and other organs 
(5). In the blood stream the pH would be main 
tained above 7 and pectin degradation would be 


same meaning as in Fig. 4. 


faster than indicated in Fig. 4, where the pH was not 
constant. This decrease in pH, shown in Fig. 5, is 
due to deésterification of pectin. The relationship 
between viscosity and molecular weight of pectin 
has been discussed earlier (2) 

The data on viscosity and osmotic pressure of the 
solution in 0.90% sodium chloride and at natural 
pH have been used in a consideration of the kinetics 
of pectin degradation. Reaction rates for breaking 
of bonds between the galacturonide or other residues 
were calculated to be 0.15 K 10°*, 5.3 & 107%, and 
30 X 10°* reciprocal days at 0°, 24°, and 35°, re 
spectively, on the assumption that the reaction is of 
the first order. These rates lead to an activation 
energy of about 29,000 calories per mole, in agree- 
ment with the results of experiments on degradation 
at higher temperatures (6). This value is close to 
those reported for hydrolysis reactions in which gly- 
cosidic bonds are broken, confirming the belief that 
degradation of pectin involves breaking bonds of 
this type. 


SUMMARY 


1. Autoclaved pectin solutions, designed to 
be useful as a blood-plasma extender, have been 
clarified by centrifugation followed by filtration 
with bacterial filters. Rates and capacities of 
filters were determined. Enzymatic cleaning of 
filter candles was more effective than other meth- 
ods tried. 

2. Storage studies showed that clarified, 
autoclaved pectin solutions can be kept at least 
two years under refrigeration, with little change. 
Relatively short storage at room temperature is 
not harmful. At body temperature and at the 
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Certain Substituted Thiobisacetamic Acids 
and Their Salts* 


By LEWIS C. LAPPAS?, tf and GLENN L. JENKINS 


The syntheses of the following six substituted thiobisacetamic acid derivatives and 
two potassium salts are described: (a) N-(8-benzyloxyethyl )-thiobisacetamic acid; 
(6) N-(s-benzyloxyethy] )-a,a’-thiobis-n-propionamic (c) N-(8-benzyloxy- 
ethyl )-a,a’-thiobis-n-butyramic acid; (d) N-(s-benzhydryloxyethy] )-thiobisacetamic 
acid; (e) N-(8-benzhydryloxyethyl )-a,«’-thiobis-n-propionamic acid; (/) N-(-8 
benzhydryloxyethyl acid; (g) potassium N-(8-benzyloxy- 
ethyl )-thiobisacetamate; (+) potassium N-(8-benzyloxyethy] )-a,«’-thiobis-n-butyra- 
mate. The following intermediates are reported for the first time: (4) a,a’-thiobis- 
n-propionic anhydride; (6) benzyloxyethylamine; (c) 8-(a-methylbenzyloxy )- 
ethylamine. Preliminary pharmacological data indicated that potassium N-(s- 
benzyloxyethyl )-thiobisacetamate was slightly spasmogenic and relatively nontoxic. 
Potassium N-(8-benzhydryloxyethyl )-thiobisacetamate did not display spasmogenic 
or spasmolytic activity and appeared to be nontoxic. 


REACTIONS have been mini- This! investigation consists of attempts to 


mized and often eliminated through the 
use of an antihistaminic drug which is thought 
to exhibit a competitive inhibitory effect against 
the histamine produced in allergic reactions. Of 
the many antihistaminic drugs produced for 
therapy, there is still to be found any one agent 


which is devoid of toxic side reactions, gives a 
consistent response in an individual, and has an 
extended duration of action. 

It has been observed that the sulfur atom and 
the amide linkage have appeared individually 
in varying structural patterns of effective antihis- 
taminic agents. It was deemed feasible to com 
bine these groups in a common molecule, together 
with the ethylamine moiety which is so charac- 
teristic of many of the proved antihistaminic 
drugs. 


* Received August 31, 1951, from the Research Labora- 
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, Buffalo 


prepare various substituted thiobisacetamic acid 
derivatives. The presence of the carboxyl 
group in these compounds offers a means of 
preparing soluble salts which enhance pharma- 
cological administration, 

The substituted thiobiscarboxylic acids were 
synthesized by reacting the sodium salts of the 
a-halogenated acids with freshly prepared sodium 
sulfide and subsequent acidification. 

The cyclization of the thiobiscarboxylic acids 
as the anhydrides, caused with acetyl chloride, 
makes possible the presence of cis-trans isom- 
erism with the frans form existing as the dextro- 
or levorotatory isomer, and the cis form being 
the optically inactive or the meso isomer. In 
all instances, the mixture of isomers was used in 
the subsequent syntheses without attempting 
to isolate the individual isomers. 

The aralkyl-ether-amines were prepared by 
reacting metallic sodium with ethanolamine 
and treating the formed sodium alcoholate with 
the a-halogenated aralkyl compound, 
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rhe various substituted thiobisacetamic acid 
the 
corresponding thiobiscarboxylic anhydrides with 


derivatives were svnthesized by treating 
the aralkylether-amines under anhydrous con 
ditions. The amic acids produced were oily to 
resinous in character and all of those, except 
N-(3-benzhvdrvloxvethvl) -a,a’ - thiobis-n-butyr 
toward crystal 
the 


and 0.00 mm 


amic acid, resisted attempts 


lization. Direct distillation of oily amic 


acids at S mm., | mm., resulted 
in decomposition 

N-(8-benzvloxvethvl) 
the ethyl 


ester from ethyl alcohol saturated with hydrogen 


An attempt to purify 
thiobisacetamic acid by preparing 
chloride and subsequent distillation caused hy 
drolysis of the amide linkage 

The use of alcoholic potassium hydroxide for 
the preparation of the salts of the amic acids 
(Table 1) 
while the others exhibited hy 


was inconsistent, as only two salts 


could be made 
drolysis of the amic acids at the amide linkage. 
Various attempts to prepare the salts of these 
amie acids with aqueous solutions of sodium 
carbonate and potassium carbonate produced 
waxy water-soluble compounds which could not 
be ervstallized. All efforts to obtain crystalline 
salts the cold 


tions of the amic acids with dry ammonia gas 


ammonium from ethereal solu 


were unsuccessful 


EXPERIMENTAL 
Preparation of the Thiobiscarboxylic Acids 


Preparation of Thiobisacetic Acid. Thiobisacetic 
wid was synthesized according to a procedure by 
Loven (1) which was modified by evaporation of the 
acidified aqueous solution to dryness im vacuo (15 
mim.) and extraction of the residue with ether 

Preparation of «,«'-Thiobis-n-propionic Acid. 
Schacht (2) first reported the synthesis of a,a’ 
ihiobis-n-propionic acid. The procedure used in 
.his work was that of Loven (1) for the preparation 
of thiobisacetic acid with the following modifica 
tion The final acidified 
evaporated in 


solution 
) until an oil laver was 
observed above the aqueous layer, and this mix 
ture was subsequently extracted with ether 
Preparation of «,«a'-Thiobis-»-butyric Acid. 

Loven (3) was the first to propose a method of syn 
thesis for a,a’-thiobis--butyric acid. The method 
used to prepare this acid in this work was identical 
to that described for the preparation of a,a’-thiobis 
propionic 


aqueous was 


vacuo (15 mm 


vid 


Preparation of the Thiobiscarboxylic Anhydrides 

Preparation of Thiobisacetic Anhydride. —Thio 
bisacetic anhydride prepared according to 
the method of Anschutz and Biernaux (4) by re 
fluxing thiobisacetic acid with an excess of acetyl 
chloride The resultant anhydride 


was 


was recrystal 


lized from anhydrous chloroform in a yield of 71% 
his anhydride was also obtained in a yield of 71% 
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by direct distillation at 158-159° at 12 mm. [re- 


ported, 158° at 10 mm. (5)]; m. p. 101° [reported, 
102° (4 

Preparation of «a,«'-Thiobis-n-propionic Anhy- 
dride.— Twenty-seven grams of dry a,a’-thiobis-n- 
propionic acid was heated at reflux temperature 
under anhydrous conditions with 38 cc. of acetyl 
chloride for a period of three hours. The resultant 
product was distilled im vacuo to remove the excess 
acetyl chloride and the formed acetic anhydride, and 
the colorless oil, distilling at 133-137 at 
14mm The total yield was 19.8 Gm 
or 81.5% of the theoretical; 3%, 1.5010 

Anal.—Caled. for CsH,O,S: N. E., 80.0. 
N. E., 80.0 

Preparation of «,«'-Thiobis-n-butyric Anhydride. 

The method of preparation for this acid was that 
of Rasanen and Jenkins (6). These workers pre- 
pared the anhydride from both the meso form and 
the racemic mixture of a,a’-thiobis-n-butyric acid 
with similar results, except that the anhydride from 
the meso form melted at 18-19° and that from the 
racemic form did not solidify even at —10 The 
mixture of isomers of the acid was used in this ex 
periment. The anhydride distilled at 149-150 
at 15 mm. (reported, 149-151° at 15 mm.) in a 
vield of 96.2%; ni), 1.4942 corresponded to that 
found in the literature. The oily anhydride solidi 
fied to a crystalline mass at 14-15° (reported, 18 
19°) 


, was collected 


Found: 


Preparation of the Aralkyl-Ether-Amines 


Preparation of Sodium Oxyethylamine.—-To 61 
Gm. (1 mole) of ethanolamine was added 21 Gm 
(0.92 Gm. atom) of metallic sodium in small por- 
tions under anhydrous conditions. Gentle heat and 
stirring with a Hershberg stirrer were applied when 
the rate of reaction was noticeably decreased. Ap 
proximately 250 ce. of anhydrous toluene was added 
slowly to this mixture and the application of gentle 
heat continued until the evolution of hydrogen 
ceased. The gray mass of sodium oxyethylamine, 
which was insoluble in toluene, was used as such for 
the subsequent reactions with the desired a-halo- 
genated compounds 

Preparation of Benzyloxyethylamine._-To the 
sodium oxyethylamine prepared in the previous ex 
periment was added dropwise, under anhydrous 
conditions, 126 Gm. (1 mole) of benzyl chloride 
Gentle heat and stirring were applied for a period of 
three to five hours. The mixture was allowed 
to cool and was filtered with suction. The precipi 
tate was washed with several portions of anhydrous 
toluene and the combined washings and filtrate 
were distilled under vacuum. The fraction distilling 
at 85-125° at 1 mm. was collected. This “creeping” 
in the temperature range of the distillate was also 
observed when a second run was made at 8 mm 
pressure. The latter product distilled at 109-142". 
The average yield was 83 Gm. (54.3%); n3y, 1.5260 

Anal.—Caled. for C3H,ON: N, 9.26% Found: 
N, 9.25% 

Preparation of Benzhydryl Bromide. The pro 
cedure followed was similar to that used by Rieveschl 
(7). The benzhydryl bromide, which distilled at 
178-180° at 23 mm., [literature, 182° at 20 mm. 
was obtained in a yield of 80% 

Preparation of Benzhydryloxyethylamine.— The 
procedure of Sutherland, et al. (9), was followed for 


; 
‘ 
al 

| 
— 
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Taste | 


R--CH —CO—NH 


CH- COOH 


rhe attempts to prepare a series of the amic 


CH 


acids from the thiobiscarboxylic anhydrides and 8 


SCIENTIFIC EDITION 


SUBSTITUTED Actp DERIVATIVES* 


CH, —-O—CH—C,;H 


R’ 


N Analysis, 
Formula Caled Found 


O5 4.54 


Found 
284.9 
303 
3680 
38S 
416 
Cy HyONSK 


CyH.OQNSK 


a-methylbenzyloxy) 


ethylamine, using the general procedure, yielded oily products, the analyses of which did not compare favorably for the desired 


compounds 
438 
* Crystallized from ethereal solution in the cold (0° C 
Recrystallized from absolute alcohol 


after six days 


f Cold alcoholic solution of the corresponding acid neutralized with cold alcoholic potassium hydroxide solution of known 


strength 
Melted wit! decomposition, 


the preparation of benzhydryloxyethylamine. The 
viscid colorless oil, distilling at 185-186° at 4 mm 
reported, 150 mm crystallized on 
cooling; and the product which was recrystallized 
irom ether melted at 74-75 
yield, 95.5 Gm. (42% 
Preparation of  3-(«-Methylbenzyloxy )-ethyl- 
amine.—-This compound was synthesized in the same 
manner as that previously described for the prep 
aration of benzyloxyethylamine using one mole of 
a-phenylethyl bromide. The colorless oil, distilling 
at 105-108° at 2 mm., was collected in a yield of 
410.6%; 1.5290 
Caled. for CyH 


153° at O38 


(reported, 73 74 


Anal ON: Found 


N, 8.18% 


N, 8.49% 


Preparation of the Substituted Thiobisacetamic 

Acid Derivatives (Table 1) 

General Procedure. A definite amount of 
thiobiscarboxylic acid anhydride (8 12 
placed in three-neck flask equipped with 
reflux calcium chloride drying tube, 
dropping funnel, and mercury seal stirrer. To this 
was added, under anhydrous conditions, 50 cc. of 
anhydrous benzene with subsequent heating on a 
steam bath for five minutes. An equimolar amount 
of the aralkyloxyethylamine was dissolved in 50 cc 
of anhydrous benzene and added dropwise to the 
wmhydride with constant stirring. This mixture 
was heated at reflux temperature for a period of 
one-half hour benzene 
at reduced pressure (15 mm 
neutralized with a saturated solution of sodium car 
bonate until a pH of 9.0 was attained. The alkaline 
solution was diluted to five times its volume with 
distilled water. This mixture was then extracted 
with three 200-ce. portions of ether and the ether 
extractions discarded rhe 
was treated charcoal 


the 
Gm.) was 
a 250)-ce 


condenser, 


The excess was removed 


and the residue was 


were layer 
with activated 
steam bath for 
was filtered through 
the filtrate 


aqueous 
and heated 
This mixture 
suction until 
icidified 


five minutes 
Filter-Cel with 
The filtrate 


on a 


was clear was 


with a 3.5% solution of hydrochloric acid to a pH 
of 5.0. The resultant mixture was extracted with 
ether until the aqueous layer clear. The 
aqueous layer was discarded and the ether layer was 
dried over Drierite. The ether was removed by dis 
tillation and the remaining oil was redissolved in 
vwetone and treated with activated charcoal and 
heated over a steam bath for five minutes. This 
mixture then filtered and the Drierite was 
washed with anhydrous acetone with subsequent 
The 
final product, which was oily to resinous in char 
acter, Was subjected to analysis 


was 


was 


evaporation of the acetone in vacuo (15 mm.) 


SUMMARY 


substituted thio 
bisacetamic acid derivatives and two potassium 


1. The syntheses of six 


salts are described. 

2. Preliminary indi 
that N-(8-benzyloxyethyl) 
thiobisacetamate was slightly spasmogenic and 
N-(3-benzhy 


dryloxyethyl)-thiobisacetamate did not display 


pharmacological tests 


cated potassium 


relatively nontoxic. Potassium 
spasmogenic or spasmolytic activity and appeared 
to be nontoxic. 
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N_E 
R’ Yield, M. P.. °C 

H H 63.5 1.5592 
CH H 74.3 1. 5427 
C.H H 1.5364 
H C.H 10.5 1 S608" 
CH C.H 71.0 1 5630 
H H 52.4 204°: 4 

(K salt 
CH H 53.0 1i0-162°: 3.71 3.88 \ 

(K salt) 


A Simple Method for the Determination of 
Organic Bound Iodine* 


By BENNIE ZAK} and ALBERT J. BOYLEt,§ 


A rapid method for the determination of organic bound iodine is described using 


chloric acid as the oxidizing digestion reagent. The iodine concentration which may 
be determined with analytical accuracy ranges from a fraction of a milligram to 100 
mg. The method permits the simultaneous estimation of organic bound iodine in 
several samples since a minimum of care is indicated in the digestion process. No 
special apparatus is required other than that found in the ordivary laboratory. The 


of the chloric acid procedure 

for the submicro determination of protein 
bound iodine(1) has been used succesfully in this 
laboratory for the estimation of micro, semimicro 
and macro amounts of organic bound iodine, 
where the weight of the iodine ranged between a 
fraction of a milligram and 100 mg. In order 
to prove the accuracy of the method, the titri- 
metry was checked by means of polarography 
and spectrophotometry using standard solutions 
to prepare calibration curves so that absolute 
values could be found for the iodine in thyroid 
extract as well as for pure organic compounds. 
A second check is readily apparent then from 
the use of the latter, for the theoretical amounts 
of iodine present were calculated to show how 
successful recoveries have been. This is apparent 
from perusal of Tables I through V. 


PROCEDURE 


Several procedures for micro and macro amounts 
of iodine are described in the literature (2-7 
Among the most widely used methods, either as it is 
written or in some modification thereof, is the one 
described in the United States Pharmacopeia (8), 
which involves an alkaline fusion of the iodine- 
containing organic sample in a muffle furnace, ex- 
traction of the residual melt with distilled water, 
and boiling of the extract obtained with elemental 
bromine The latter converts iodine to iodate, 
which is the desirable form for quantitative esti- 
mation, After destruction of the excess bromine and 
careful adjustment of the pH, six equivalents of 
iodine are liberated and then titrated with a stand- 
ard sodium thiosulfate solution using starch to in- 
dicate the end point. 

The micro method of Shahrokh (9) involves the 
use of a mixture of sodium chlorate, perchloric acid, 


* Received October 17, 1951. from the Department of 
Chemistry, Wayne University, Detroit, Mich 

t Department of Pathology, Receiving Hospital, Detroit, 
Mich 

t Department of Chemistry, Wayne University, Detroit 
Mich 

§ The authors would like to acknowledge the aid of Mr 
Vincent C Vespe of the J. F. Hartz Pharmaceutical Co 
Detroit, Mich., who provided the thyroid extract for our ex 
periments. He also ran the same material by the method of 
the U. S. P. to show the very favorable comparison of the 
chloric acid method with respect to total time of determina 
tion and the accuracy with which the amounts of iodine 
present could be determined by the use of this particular 
oxidizing acid, 


procedure makes possible the analysis of 20 samples per day per analyst. 
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and dihydrogen sodium phosphate as the digestion 
reagent. The organic matter containing the iodine 
is put in a Kjeldahl flask with several milliliters of 
the digestion reagent, carefully heated until the 
characteristic fumes of perchloric acid appear, and 
then cooled. After the addition of sodium hydroxide 
and neutralization of the excess base with hydro 
chloric acid using thymol blue as an indicator, 
chlorine in carbon tetrachloride is added to de 
colorize the indicator. It is then evaporated by 
boiling until 15 ml. remains. A crystal of phenol is 
added before the iodine is liberated with excess 
potassium iodide to circumvent any possible inter- 
ference by manganese if it were present in the or 
ganic material. Titration of the liberated iodine 
is then carried out with 0.001 NV sodium thiosulfate 
solution using one drop of 1°; starch as the end- 
point indicator. 

The method described in this communication re- 
quires a 150-ml. beaker in place of a Kjeldahl flask 
and chloric acid digestion reagent. The latter is 
added to the iodine-containing organic compound 
and the mixture evaporated to fumes of perchloric 
acid. The iodine present in this solution as iodate 
may be estimated then by titrimetry, spectrophoto- 
metry, or polarography. Chloric acid rather than 
sodium chlorate is used to avoid high salt concen 
trations of sodium perchlorate in the final digest 

Reagents.—All chemicals used were reagent 
grade 

Chioric Acid..-Weigh 50) Gm. of potassium 
chlorate into a 4,000-ml. beaker, add 900 ml. of 
distilled water, and heat the mixture until solution 
is effected. Add 375 ml. of 72% perchloric acid 
with constant stirring throughout the addition 
Potassium perchlorate will be present as a precipi- 
tate at this time. Cool and place the covered 
beaker in the freezing compartment of a refrigera- 
tor for two to three hours, and afterward decant 
the supernatant liquid through Whatman 41H paper 
The final solution represents approximately a 28% 
solution of chloric acid 

Standard Iodine Solution (100.0 ml.).- Weigh 
out 168.5 mg. of dried analytical reagent potassium 
iodate and dilute to 1,000 ml 

Sodium Thiosulfate (0.1 .V).—Dissolve 24.85 
Gm. of the pure crystals in water which has pre 
viously been sterilized by boiling. Add 1 ml. of 0.1 
V sodium hydroxide, cool, and dilute to 1,000 ml 
Standardize indirectly against potassium iodate 
(10) 

Sodium Thiosulfate (0.01 .V).—Dissolve 2.50 
Gm. of the pure crystals in hot water and treat as 
above. 
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Sodium Thiosulfate (0.001 .V).— Dissolve 0.250 
Gm. of the pure crystals in hot water and treat as 
previously described 


The Cadmium Iodide-Linear Starch Reagent (11). 
EXPERIMENTAL 


To a 150-ml. beaker containing a weighed sample 
of an organic iodine compound add 10-25 ml. of the 
chloric acid digestion reagent and evaporate at the 
low temperature of the hot plate to fumes of per- 
chloric acid. 

Titrimetric.—Cool and dilute to about 50 ml. 
with distilled water. Neutralize the solution to 
phenolphthalein with 20°) sodium hydroxide solu- 
tion. Add 1 ml. of 1:1 phosphoric acid, 1 ml. of 1:10 
hydrochloric acid, and 1 ml. of the cadmium iodide- 
linear starch reagent. Titrate with 0.1 N, 0.01 N, 
or 0.001 N sodium thiosulfate, depending upon the 
approximate concentration of iodine present to the 
disappearance of color of the iodo-starch blue com 
plex. Typical results of titrimetric determination 
of iodine in thyroid extract and of organic bound 
iodine are shown in Tables I and IT. 

Polarographic.—Dilute the digested sample in a 
100-ml. volumetric flask with 0.2 N sodium hydrox 
ide containing 1.5 Gm. of sodium sulfite per 1,000 ml 
The reducing agent is present here to remove dis 
solved oxygen so that no interference will be en 
countered due to the fact that oxygen is reduced in 
two steps at the dropping mercury cathode at a 
voltage span which includes iodate within it. An 
amount of 5-6 ml. of the solution is transferred to 
the electrolysis cell and a polarogram is drawn with 
the aid of a Sargent XXI polarograph. The concen 
tration of iodine is then determined from a calibra 


TABLE FOR TITRIMETRIC DETERMINATION 


oF IODINE IN EXTRACT 


I Devia 
Found, tion, 
7 
123.1 

136 

136 
129. 
129 
116 
123 


I; Present ,* 

126. 
126. 
126 
126 
126 
126 


I; 
Added, 


~ 


wo 
Ce aw 


rests 


2.6 


~ 


0 2Gm 3 
0.2Gm.K 
0.2Gm. kK 3 


® The amount present is based on the arithmetical mean 
calculated from the values obtained on 12 separate samples 

+ This was carried out to check the possibility of bromide 
interference 

© Mean deviation (14) of a single observation is equal to 
+5.6 
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Data FoR TITRIMETRIC DETERMINATION 
OF ORGANIC BounD IODINE 


Weight, 

Sample M 
NH.COCH, 
NH ._COCH, 
NH.COCH, 
NH.COCH; 
NH .COCH, 
NH.COCH, 
-H.COCH; 
COCH, 
COCH,; 


tion curve on which the log of the diffusion current 
and the log of the concentration are ordinate and 
abscissa, respectively. The half-wave potential for 
this system was found te be —1.13 volts versus the 
calomel electrode. Typical results of polarographic 
determination of organic bound iodine are shown in 
Table IV. 

Spectrophotometric.-- Dilute the digested sample 
to the desired volume, depending on the size of the 
sample and the iodine content. To a 2-ml. aliquot 
add 1 ml. of 1°% potassium iodide solution. The 
color due to liberated iodine is measured on a 
Beckman DU spectrophotometer at cither 288 or 
353 mp. The lower peak at 353 muy is preferable 
with the more concentrated solutions. Typical re- 
sults of spectrophotometric determination of organic 
bound iodine are shown in Table III. The three 
methods are compared in Table V. 


DISCUSSION 


The 'chloric acid procedure for micro and macro 
quantities of organic bound iodine is precisely the 
same. The fuming process is very brief and the 
loss of iodine appears to be negligible. While this 
laboratory has employed a specially prepared starch 
solution in the titration procedure, ordinary starch 
is satisfactory for amounts of iodine in the ranges 
shown. The phosphoric acid is added to complex 
any iron per cent which would give rise to high re- 
sults. If it is known that iron is absent, the phos- 
phoric acid may be omitted 

One postulated mechanism for the decomposition 
of chloric acid is as follows (page 262): 


TaBLe ILI.--DATA FOR SPECTROPHOTOMETRIC* 
DETERMINATION OF ORGANIC BouND LODINE 


Found 


Weight, 
Mg Mg 


Present, 
Mg 


Sample 
Standard 1 
Standard 2 
Standard 3 
Standard 4 
N 
-CsH,NHCOCH, 


® Wave length was 288 my. 


Present, Found, 
1 17.35 17.61 
I—C,H, 7.44 7.47 
I—CeH, 7.39 7.47 
I—CeH, 7.24 7.27 
17.91 17.88 
I—CoH, 77.3 80.00 
I—C,H, 34.5 37.0 
I—C,H, 16.2 16.14 
1—CyH, 60.59 62.06 
CHe:L 51 49.4 49.6 : 
CHe:l, 62 59.4 59.7 
CHe:l, 61 58.4 58.5 
CoH 20 8.57 8. 56 
CeH 21 8.77 8.75 
CoH 20 8.24 8.17 
| 
Weight, 
Mg 
64 0.0 
t4 0.0 
64 0.0 
64 0.0 
0.0 
0.0 
oo 
tid 12¢ 0.0 123.1 - 
td 126 123.1 - 3 
2 
37.3 7 
65. 7 
ag 0.0 111.9 +198 5 
64.8 126 0.0 123.1 — 
590 138.8 118.8 242.7 -—1 
53.6 124.1 118.8 255 8 +1 
0.0 0.0 18.8 113.0 — 
0.0 118.8 + 
2.98 
\ oo + 17.81 
23.74 
8 3 3.44 3.42 
38.8 18.86 18.79 
15.0 7.29 7.35 
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DATA FOR POLAROGRAPHIC® DETERMINATION OF ORGANIC BouND IODINE 


Sample I, Present, Mg Id, ma Ht., mm Sensitivity I, Found, Mg 
Standard I 0.2374 0.231 77.0 0.003 
Standard II 0.81 81.0 0 
Standard III 2.40 121.5 0.02 
Standard IV 4.68 117.0 0.04 
Standard \ 6.72 112.0 0.06 
I—CyH,- NH -COCH, 5.16 129.0 0.04 19.27 
NH -COCH, 2.01 67.0 0.08 7.31 
‘ 0.98 980 0.01 3.41 
Thyroid (129.6 mg.) 0.2528 0.243 81.0 0.003 0.2497 
Thyroid (129.6 mg.) 0.2528 0.246 82.0 0.0038 0 24908 


V.—-CoMPARISON or T 


ITRIMETRIC, SPECTROPHOTOME TRIC, AND POLAROGRAPHIC De TERMINATIONS OF 


ORGANIC BounD LopINE 


I, Found 
Sample Weight, Mg I, Present, Mg Titr Polar Spect 
Thyroid extract H4.8 0.1264 0.1300 0.1260 
Thyroid extract 129.6 0.2528 0.2460 0.2490 
CoH N CyHgl 8.1 3.34 3.32 3.41 3.40 
I—C.H,NHCOCH 39.0 18 86 18.78 19 27 18 76 
I—C,.H,NHCOCH 15.0 7.29 7.25 7 30 7.35 


2HCIO, — HCIO, + 

HClO, + HCIO,; — 2C1O, + H.O 
2CIO, — Ch + 20, 

3HCIO;— HCIO, + Ch + 20, + H,O 


According to Luther’s rule (12, 13), chloric acid 
must therefore be a better oxidizing agent than per- 
chloric acid, which is probably the reason its action 
is so excellent for our purposes. 


SUMMARY 


The method proposed in this manuscript 


enables the worker to accurately carry out as 
many as 20 sample determinations in a dav, 
since very little care need be given to the individ 
ual sample No 


extensive preparations are 


required and the number of manipulations per 
sample has been reduced to a minimum. 


The National 
Dearborn Streets, 


Registry of Rare Chemicals, 


Methoxinine 
Glucamine 
Dihydroquercetin 
Choline stearate 
Cystamine sulfoxide 
3-Methylquinoline 
Uvitonic acid 


Triisopropyl phosphate 
4,4’-Dipiperidine 
1,8- Dichloronaphthalene 


WHO MAKES IT? 


Armour 
Chicago, IIL, seeks information on sources of supply for the 
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The Arginase-Alkaloid Relationship in 
Datura tatula 


By WILLARD C. FULLER{ and MELVIN R. GIBSON$ 


A method for the quantitative determination of arginase in plant material is pre- 


sented. The alkaloid and arginase content of Datura tatula L. was determine 
various parts of the plant at various ages. 


for 
The quantitative alkaloid-enzyme rela- 


—T tends to support the theory that the first step in the biosynthesis of the tropi- 
k 


none a 


aloids is the hydrolytic action of arginase on plant protein molecules con- 


taining arginine. 


in the literature which can be 
used to relate alkaloid biosynthesis to 
enzymically catalyzed reactions are meager. 
However, the fact remains that not only the 
ability to synthesize a given alkaloid but also 
the actual rate at which it is produced is con- 
trolled by hereditary means (1, 2). Thus 
Dawson (3) claims it is reasonable to assume that 
some kind of gene-enzyme-reaction relationship 
occurs in the formation of alkaloids. 
True and Stockberger (4) reported on the re 
lationship of alkaloids, latex, 
Papaver 


of the enzyme arginase in members of the So- 


and oxidases in 
James (5) has reported the occurrence 


lanaceae and has suggested that there may be a 
relationship between the enzyme and the alka 
loids. Cromwell (6, 7) has proposed the theory 
that arginase acts upon plant protein and makes 
use of this compound through several intermedi 
ate steps to form nor-hyoscyamine or nor-atro- 
pine. 

The central problems of alkaloid biosynthesis 
are, 
mechanisms and the discovery of relationships, 
if any, other 
physical and chemical systems within the organ- 


of course, the characterization of synthetic 


between these mechanisms and 
ism. 
alkaloid-enzyme relationship in a selected species 
of drug plant, Datura tatula L. 

The procedure adopted in this investigation 
was to determine quantitatively the 
activity of the plants under observation, in the 


This investigation is concerned with the 


arginase 


different parts (roots, leaves, stems) at different 
ages, and to determine the alkaloid content in 
the same parts at the same ages. The 
was resolved into three main divisions 


problem 
propa- 


* Received September 5, 1951, from the School of Phar 
macy, The State College of Washington, Pullman 

t This paper is based on a portion of a thesis submitted 
to the Faculty of the Graduate School of the State College 
of Washington by Willard C. Fuller in partial fulfillment of 
the requirements for the degree of Master of Science in Phar 
macy 

t Fellow of the American Foundation for Pharmaceutical 
Education 

§ Associate Professor of Pharmacognosy, 
macy, The State College of Washington. 


School of Phar- 


gation of the experimental plants, assay for 
enzyme activity, and assay for alkaloid content 


MATERIALS AND METHODS 


Authentic plants of Datura tatula L. were grown 
from seeds which had been previously harvested 
from an experimental plot of the School of Phar- 
macy, the State College of Washington. Plants 
were grown in Palouse silt loam during the study and 
collections were made of roots, stems and heavy peti- 
oles, and leaves as follows: collections of plant ma- 
terial were made on Thursday morning of each 
week before 8:00 a. m. The plants selected for 
harvest were chosen by systematic selection 
throughout the plot without regard to size, apparent 
vigor, or other visible characteristics. Each plant 
was dug in such a manner that the root system 
would remain as nearly intact as possible. After 
a sufficient number of plants had been harvested, 
the crop was divided into halves. One-half was 
prepared for the enzyme assay, and the other half 
was prepared for the alkaloid assay. The part of 
the crop to be used for the enzyme assay was washed 
free of any adhering soil and allowed to dry just long 
enough to evaporate any surface moisture. These 
washed and dried plants were then separated into 
roots, stems and heavy petioles, and leaves. Each 
part was then sealed and frozen in an airtight, plastic, 
freezer bag of the polyethylene glycol type. The 
material was maintained in this state until ready 
for use. 

The portion of the crop to be used for the deter- 
mination of alkaloid content was similarly divided 
into roots, stems and heavy petioles, and leaves 
Each of these parts was then dried in a laboratory 
oven at a constant temperature of 55-60° for two 
days (8). The dried specimens were ground to a 
coarse powder in a Wiley drug mill in order to pre- 
pare them for assay, and then they were further 
ground to a fine powder (80 mesh or finer) in a Ray- 
mond hammer mill. This powder was then sub- 
jected to the method of assay described under the 
section Alkaloid Assay 

The first collection of samples was taken when 
the seedlings were approximately six inches high 
and seven weeks old. Subsequent investigation by 
the enzyme assay showed that plants collected at 
an earlier age would perhaps reveal more complete 
data. Therefore another crop of plants was started 
later in the growing season. These plants were 
treated in exactly the same manner as those pre- 
viously described, except that they were collected 
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|| 
al 


at an earlier age, the first collection being made 
when the plants were four weeks old. Collections 
were taken each successive week until the seventh 
week, when all plants were severely damaged by a 
killing frost The collections of the first crop were 
continued from the seventh week through the four- 
teenth week, at which time the killing frost termin 
ited their usefulness. The results of the first and 
second crops were treated statistically without des 
ignation as to source-crop. This procedure re 
sulted in duplicate results for the seventh week: 
one was the result of the last collection of the late 
crop, and the other was the result of the first collec- 
tion of the early crop 

The size of the younger plants obtained in the 
second crop precluded their division into roots, 
stems and petioles, and leaves. They were divided 
into just two parts: roots, stems and petioles com- 
prised one part, and leaves comprised the other. 

Several measurements were taken at the height 
of the growing season, and it was noted that some 
plants reached a height of seventy-four inches with 
leaves as large as nine and one-half inches in breadth 
ind stems more than three inches in diameter at 
the base The large, trumpet-shaped, lavender 
flowers reached a size of more than five inches in 
length 


ENZYME ASSAY 


A number of methods have been employed to 
measure arginase activity. The method proposed 
by Van Slyke and Archibald (9) was found to be a 
satisfactory means for determining arginase ac 
tivity in plant juice extracts and therefore was 
elected as the basis for analysis during this inves 
tigation Phis method is essentially the incubation 
of the enzyme solution with a substrate of a definite 
concentration of arginine hydrochloride under spe 
cified conditions. The urea produced is then meas 
ured photometrically by a method first proposed by 
Archibald (10 

Preparation of the Enzyme Solution.-_The col 
lected samples which had been frozen, as described 
under the section Materials and Methods, were re 
moved from the freezer and allowed to thaw. The 
tissues were then squeezed in a hydraulic press to 
remove as much of the plant juice as possible 
Phese expressed juices were immediately put into 
contamers and frozen again until needed for assay. 
When a sample was to be assayed, the frozen juice 
was thawed until it was melted but only just to com 
pletion; it was then centrifuged. This latter step 
was considered necessary, because it was found that 
sedimentation and precipitation were two factors 
which helped to lead to unsatisfactory results. An 
empirical method was instituted, and its use was the 
only alternative discovered in which the error duc 
to nonuniform particle size of the sediment and pre 
cipitate, unavoidably present in the juice, could be 
eliminated. This method consisted of centrifuging 
the freshly thawed juice and using only the clear, 
supernatant liquid for measurement 

Reagents Used. The arginine solution (0.1 
pu 9.5) was prepared by dissolving 2.1067 Gm. of 

irginine hydrochloride (Merck) in 11.54 ce. of 1 
\ sodium hydroxide solution and then making up 
te 100 ce. with Sorensen’s glycocoll-sodium hydrox 
ide buffer solution (11 
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The cobalt solution was 0.35% cobalt nitrate, 
reagent grade, in distilled water. The cobalt ions 
serve as activators for arginase activity and inhibi- 
tors for urease activity in the reaction mixture. 

The metaphosphoric acid solution was 24% meta 
phosphoric acid, reagent grade, in distilled water 
This solution was filtered through a sintered-glass 
funnel to remove the cloudiness which appeared 

The a-isonitrosopropiophenone solution was pre- 
pared by dissolving 3 Gm. of the chemical in suffi- 
cient alcohol (U.S. P.) to make 100 cc 

The sulfuric-phosphoric acid mixture was pre- 
pared by adding 90 cc. of concentrated sulfuric acid, 
reagent grade, and 270 cc. of syrupy phosphoric acid 
(U.S. P.) to 600 cc. of distilled water. When cool, 
the volume was adjusted to one liter and kept 
tightly stoppered with a ground-glass stopper. 

A stock, standard solution of urea (4 mM) was 
preparea by dissolving 24.0 mg. of urea in a sufficient 
amount of distilled water to make 100 ce. This solu- 
tion was used the same day it was prepared 

The working-standard urea solution (0.4 mM) was 
prepared by diluting one volume of the stock urea 
solution to ten volumes with the sulfuric-phosphoric 
acid mixture on the day the working standard was 
to be used. 

Procedure.—A quantity (0.1 cc.) of the cobalt 
solution was pipetted into each 20-cc. test tube 
One cubic centimeter of the supernatant juice (which 
had just been diluted with buffer solution) was 
added to each test tube. The dilution was so made 
that the resultant solution was within optimum 
transmittancy readability. Following this, 1 cc 
of substrate solution (previously brought to 40° in a 
constant temperature bath) was added to each test 
tube and thoroughly mixed. These tubes were 
then stoppered, effectively controlling evaporation 
which was found to be negligible, even when the 
mixture was incubated at this temperature for the 
period of time indicated. The mixture was then 
allowed to incubate for forty-eight hours in a con 
stant-temperature bath of 40 At the end of the 
incubation period, the reaction was stopped by the 
addition to each test tube of 2 cc. of metaphosphoric 
acid solution. 

An aliquot (2 cc.) of this acid-enzyme-substrate 
mixture was then made up to 10 ce. with sulfuric 
phosphoric acid mixture. To this 10-cc. sample, 
0.5 ce. of the 3% solution of a-isonitrosopropiophe 
none was added and immediately mixed. This 
mixture was stoppered with a cork containing air 
vent grooves and placed in a light proof boiling water 
bath and allowed to remain for one hour. At the 
end of the hour, the tubes were removed to test-tube 

racks and immediately covered with a double thick 
ness of heavy black cloth to exclude any light which 
would tend to fade the photo-labile color produced 
The per cent transmittancy was then read on a Beck 
man DU spectrophotometer at a wave length of 540 
my against the reagent blank as a standard. The 
reagent blank was prepared by adding the meta 
phosphoric acid to the enzyme solution before add 
ing the substrate, and this control was subsequently 
treated in the same manner as the samples. The 
results of the enzyme assays are given in Table I 
and are shown graphically in Figs. 1, 2, and 3. The 
unit of enzyme activity was defined as the number of 
micromoles of urea produced by | cc. of juice in one 
hour under the specified conditions, 
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ALKALOID ASSAY 


The method for the estimation of total alkaloids 
in belladonna and stramonium as presented by Rob- 
erts and James (12) was believed to be the most 
practical for use in the present investigation. Cer- 
tain modifications, however, were necessary for the 
photometric measurement with a Beckman spectro- 
photometer. The benzene extraction yielded too 
much chlorophyll for subsequent use of the Vitali- 
Morin reaction. A column of powdered sucrose 
was used to remove a large quantity of the chloro- 
phyll. Quantitative tests were made to determine 
the procedure for washing the column free of all 
alkaloids exposed to the adsorption process. The 
modified process follows 

Method of Assay.— The dried plant material pre 
pared as described under the section on Materials 
and Methods was used. An accurately weighed 
sample (about 1 Gm.) was placed in a small beaker, 
and five or six drops of 10% ammonium hydroxide 
was added and stirred until the powder was evenly 
moistened. Benzene, reagent grade, was added 
up to 5 or 10 cc., and the mixture was brought to a 
boil over a water bath. The mixture was washed 
at once into a small glass percolator and tightly 
packed. The percolator apparatus was devised 
from a chromatographic tube with a ground-glass, 
removable, perforated plate at the lower end. When 
in place, the perforated plate was covered with pure 
absorbent cotton before the material to be extracted 
was introduced. After the moistened material was 
firmly packed, it was extracted with further quan- 
tities of benzene until exhausted. 

The column for the removal of the chlorophyll 
was prepared by firmly packing a 19-mm. chroma- 
tographic tube with commercial powdered sucrose 
to a height of 12 cm. The benzene percolate was 
poured into a reservoir above the packed sucrose 
column, and the container was washed with a little 
more pure benzene. When the original benzene 
extract had just disappeared from the top of the 
column, another 70 cc. of pure benzene was added 
to wash the column. A slight greenish-yellow color 
was washed through into the eluate, but upon subse- 
quent dilution, it became negligible. 

The eluate was then made up to 100 cc. in a volu- 
metric flask with benzene. An aliquot (2 cc.) of 
this solution was then evaporated just to dryness 
in a small, porcelain, evaporating dish over a water 
bath. The residue was taken up in exactly 0.2 cc. 


Tasie I.—-Units or Enzyme Activity IN VARIOUS 
PARTS OF PLANTS AT VARIOUS AGES" 


Age 
in Weeks 


Roots* Leaves*® 
097 
033 

071 203 

286 691 

659 3.179 

147 
757 
4.774 
698 
542 


Stems* 


* Averages of three determinations reported and used for 
plotting on graphs. 
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of fuming nitric acid, reagent grade, and again evap- 
orated to dryness. This residue was then dis- 
solved in a little acetone, reagent grade, and trans- 
ferred quantitatively to a 10-cc. volumetric flask 
When cool, this solution was made up exactly to 10 
ce., and 0.1 cc. of a fresh 3% solution of potassium 
hydroxide in methyl alcohol (not more than two 
weeks old) was added. The contents of the flask 
were thoroughly mixed. Exactly five minutes 
after mixing, the color produced was measured in a 
Beckman DU spectrophotometer at 540 my against 
a reagent blank. 

The reagent blank was prepared in exactly the 
same manner as previously described for the samples 
except that no alcoholic potash was added to pro- 
duce the purple color. The quantity of alkaloid, 
calculated as hyoscyamine, was determined from a 
prepared, absorption-concentration curve. 

Results of the work on alkaloid content are given 
in Table II and shown graphically in Figs. 1, 2, and 
3. A unit of alkaloid content was defined as the 
number of milligrams of alkaloid (calculated as 
i-hyoscyamine) per gram of dried powdered drug. 


DISCUSSION 


Examination of the graphs showing the relation- 
ship of alkaloid content and enzyme activity at diff- 
erent ages in corresponding parts of the experi- 
mental plants gives rise to a number of observations. 
There is a simultaneous “‘leveling-off" of the alka- 
loid content for all parts of the plant near the tenth 
week and continuing on until the fourteenth week, 
beyond which time no further tests were made 
Beginning at the seventh week, there is a sharp in- 
crease in alkaloid content each successive week ex- 
tending through the tenth week. The alkaloid 
content of the roots exceeds that of the stems until 
the eighth week, when it increases sharply with age. 
Leaves show a greater increase in enzyme content 
after the seventh week, whereas the stems and roots 
show a less rapid rise. The enzyme content of the 
stems becomes nearly constant about the eleventh 
week, Whereas that of the roots and leaves does not 
show a tendency to stabilize until the thirteenth 
week. The curves representing alkaloid-content 
fluctuation in roots, stems, and leaves nearly cor- 
relate each other and essentially differ only in mag- 
nitude. There seems to be a correlation of the 
curves representing the enzyme content in leaves and 
roots, but not in stems. 


Tasie II.—Units or ALKALOID CONTENT IN VARI- 
OUS PARTS OF PLANTS AT VARIOUS AGES* 


Stems* Leaves® 
0. 368 
0.549 
O62 
113 
713 
OS4 
147 
252 
140 
146 
2.230 
* Averages of four determinations reported and used for 
plotting on graphs. 


5 
6 
8 
9 
1 
11 
12 
13 
14 . 
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Fig. 1 Enzyme-alkaloid relationship at various Fig. 3.--Enzyme-alkaloid relationship at various 
ages in roots ages in leaves. 


L tremendously in all parts 


18 
CONCLUSIONS 


It may be concluded on the basis of the fore- 
going observations that the enzyme arginase 
may play a definite role in the biosynthesis of 
the tropinone alkaloids of Datura tatula L., 


8 = | 5 since an increase in enzyme activity appears at 

approximately the same time that sharp in- 
2 creases in alkaloid content are noted. 

2 ost z On the basis of the evidence presented, it may 


be concluded that there is a definite relationship 
between alkaloid content and arginase activity 
in Datura tatula L. This relationship tends to 
support the theory that the first step in the 
biosynthesis of the tropinone alkaloids is the 
hydrolytic action of arginase on plant protein 
molecules containing arginine. 
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The Colorimetric Determination of Salicylates* 


By R. E. PANKRATZ and F. J. BANDELIN 


The iron-salicylate color reaction is utilized for the colorimetric determination of 
salicylate in various salicylate compounds and in pharmaceutical preparations. 


Optimum conditions for the development of the iron sali 


late color are determined 


and relationships between molecular weights and absorbancies of various salicyl- 


ates are established. The method is rapi | 
Methods are given for various salts and esters of salicylic acid 


within one per cent. 


and data indicate it to be reproducible 


as well as for some common pharmaceutical mixtures containing salicylates. 


T= WELL-KNOWN iron-salicylate reaction has 

long been known and variously utilized for 
the detection and estimation of salicylates. Al- 
though the exact composition of the violet-colored 
inner complex of ferric salts with salicylic acid 1s 
not known, it has been postulated to have the 
following structure (1). 


Fe I I; 


Numerous methods using several iron salts as 
reagents have been published (2-4) and various 
degrees of accuracy have been obtained with the 
reaction (5, 6), but no systematic or comprehen- 
sive study of the optimum conditions for the re- 
action or its reproducibility has appeared, nor 
has any considerable mention of the determina- 
tion of the esters of salicylic acid been made. 
Although the reaction has been used as a limit 
test for salicylic acid in acetylsalicylic acid in the 
U.S. P. (7), little application of the reaction for 
the general or routine colorimetric determination 
of salicylates in pharmaceutical products has been 
made. Because of the simplicity of the reaction, 
the ease of color development and the apparent 
stability of the color, it offers considerable prom- 
ise as a method for the pharmaceutical control 
laboratory. With this in mind, an investigation 
of the optimum conditions for the reaction, its 
accuracy and reproducibility in the determina- 
tion of the various salts and esters of salicylic 


acid commonly used in medicine was made. 


EXPERIMENTAL 


Reagents 

(a) Ferric nitrate reagent; 1.0 Gm. of Fel NO;);- 
9H,O dissolved in 100 ml. of 1.00, HNQO,. 

(+) Potassium hydroxide, reagent grade. 

(c) Ethanol, 95°; 

(d) Standard solution of salicylic acid: dissolve 
0.5 Gm. of salicylic acid in 15 ml. of ethanol and 
dilute to exactly 100 ml. Pipette accurately ex- 


* Received October 24, 1951, from the Control Laboratory, 
Flint, Eaton and Co., Decatur, Ill 


actly 5 ml. of this solution into a 1-L. volumetric 
flask and dilute to volume with distilled water. 
Each milliliter of this solution contains 25 yg. of 
salicylic acid 
Determination of Optimum Conditions 

The absorbancy of ferric salicylate solutions was 
determined between 400 and 600 mg. The maxi- 
mum absorption occurs at 525 mg. Since the color 
of the ferric salicylate complex is dependent upon 
pH, the color was developed at varying pH levels 
from 1.0 to 9.0 at 1-pH unit increments using Soren- 
sens glycine, hydrochloric acid, and sodium hy- 
droxide buffer solutions. It was found that the 
maximum color develops at a pH of about 3.5 and 
persists to about pH 8.0, where the precipitation of 
ferric hydroxide begins. The most favorable range 
was found to be from pH 4.0 to 6.0. Solutions of 
pH values of 6.5 and higher exhibited a marked 
tendency to fade rapidly. In actual practice the use 
of a buffer is unnecessary except where a large excess 
of basic material is present. The great dilution of 
the sample usually brings the pH into the desired 
range with the use of the reagents alone. 


Preparation of a Standard Curve 

Aliquot portions of the standard salicylic acid solu- 
tion ranging from 5 to 45 ml. in 5-ml. increments 
were pipetted into each of nine 50-ml. volumetric 
flasks. Five milliliters of ferric nitrate reagent was 
added to each and all were then made to volume by 
the addition of distilled water. The absorbancy of 
each of these solutions was determined on a Coleman 
model 14 spectrophotometer at 525 my. By plot- 
ting the concentration of salicylic acid against ab- 
sorbancy on normal graph paper, a straight line was 
evolved which was in conformity with Beer’s law. 
The slope of this line expressed as yg./ml. over ab- 
sorbancy was 71.43. 


Determination of Salicylic Acid in Salicylates 
Sodium Salicylate.—A portion of 0.5 Gm. was 
accurately weighed and transferred into a 200-ml. 
volumetric flask. It was dissolved in a small quan- 
tity of water and sufficient water added to bring up 
to volume. An aliquot of 10 ml. of this solution was 
diluted to exactly 1 L. Aliquots ranging from 5 to 
45 ml. in 5-ml. increments were transferred to each 
of nine 50-ml. volumetric flasks and the color de- 
veloped by adding 5 ml. of ferric nitrate reagent 
and adjusting the volume to exactly 50 ml. The 
absorbancies were determined and plotted as above. 
The slope in terms of micrograms of sodium salicyl- 
ate per ml. over the absorbancy was 83.03. 
Salicylsalicylic Acid.—A portion of 0.25 Gm. was 
accurately weighed and transferred to a 200-ml. 
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volumetric flask. Ethanol (25 ml.) is added to dis- 
solve the compound, followed by 25 ml. of freshly 
prepared 10% KOH solution. The mixture was al 
lowed to stand, lightly stoppered on a steam bath 
for two hours. It was then cooled, 5 ml. of concen 
trated HCI was added, and sufficient distilled water 
to make up to volume. Ten milliliters of this solu- 
tion was diluted to exactly 500 ml. and aliquots of 
this solution ranging from 5 ml. to 45 ml., in 5-ml. 
increments, were transferred to 50-ml. volumetric 
flasks and the color developed by the addition of 5 
ml. of ferric nitrate reagent. The readings were 
plotted as previously and the slope in terms of micro- 
grams of salicylsalicylic acid per ml. over absorbancy 
was found to be 66.67 

Succinylsalicylic Acid.—-A portion of 0.25 Gm. 
was accurately weighed and transferred to a 250-ml. 
volumetric flask. This was hydrolyzed, neutralized, 
and diluted as under Salicylsalicylic Acid, and a 10 
ml. aliquot was diluted to 500 ml. and aliquots from 
5 to 45 ml. as previously described were used to de- 
velop color, which was measured, and concentra- 
tions plotted as previously. The slope expressed as 
micrograms of succinylsalicylic acid per ml. over 
absorbancy was found to be 92.31 

Acetylsalicylic Acid.—A portion of 0.75 Gm. was 
accurately weighed and transferred to a 200-ml 
volumetric flask and hydrolyzed, neutralized, and 
diluted as directed above. Ten milliliters of this 
solution was accurately diluted to 500 ml., and 
aliquots of from 5 to 45 ml. in 5-ml. increments 
were transferred to 50-ml. volumetric flasks and the 
color developed by the addition of 5 ml. of ferric 
nitrate reagent. The readings were plotted as pre 
viously and the slope in terms of micrograms of 
acetylsalicylic acid per ml. over absorbancy 
found to be 93.17 

Pheny! Salicylate.—-A portion of 0.4 Gm. was ac- 
curately weighed and transferred to a 200-ml. volu- 
metric flask and hydrolyzed, neutralized, and diluted 
as directed above. An aliquot of 10 ml. was accu 
rately diluted to 500 mL, and 5 to 45 ml. aliquots in 
5-ml. increments were pipetted into 50-ml. volu- 
metric flasks and the color developed by the addi 
tion of 5 ml. of ferric nitrate reagent. The readings 
were plotted as previously and the slope in terms of 
micrograms of phenyl salicylate per ml. over absorb- 
ancy was found to be 110.77 

Methyl Salicylate...A portion of 0.5 Gin. of the 
liquid is accurately weighed into a 200-ml. volu- 
metric flask. To this are added in succession, 25 
ml. ethanol, 25 ml. water, and 2.5 Gm. of potassium 
hydroxide. This was allowed to stand on a steam 
bath for two hours, cooled, diluted to volume with 
water, and mixed. Then a 10-ml. aliquot was 
pipetted into a 1-L. volumetric flask and diluted to 
volume with water. Aliquots of this solution rang 
ing from 5 to 45 ml. in 5-ml. aliquots were transfer- 
red to 50-ml. volumetric flasks and the color de- 
veloped by the addition of 5 ml of ferric nitrate re 
agent. The readings were plotted as previously 
and the slope in terms of micrograms of methyl sali- 
cylate per ml was found 
79.13 


was 


over absorbancy to be 


Calculations 


Having determined the slope of the salicylic acid 
line, and knowing the per cent of salicylic acid in 
salicylates, it should be possible to calculate the 
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slopes of the various salicylates by multiplying the 
slope of salicylic acid by the inverse function of the 
respective percentages (Table I and Fig. 1). 


TABLE I 
Salicylic 
Mol Acid, Slope 
Salicylate wt % Caled Found 
Salicylic acid 138.05 100 , 71.43 


Sodium salicy 


late 160.04 86.26 82.81 83.03 
Salicylsalicylic 

acid 258 0S 106.98 66.78 66.67 
Succinyl sali 

cylate 358.12 77.11 92.62 92.31 
Acetylsalicylic 

acid 180.06 76.67 93.17 93.17 
Pheny] salicy- 

late 214.08 64.49 110.80 110.77 
Methyl salicy- 

late 152.14 90.74 78.73 79.13 


With the slope of the acid curve established it be- 
came possible to determine the salicylic acid in a 
sample by multiplying the absorbancy against the 
value for the slope with proper calculations for the 
dilution. 

By the same procedure it became possible to cal- 
culate the percentage of salicylate by multiplying 
the slope of the salicylate under consideration by the 
absorbancy. 

It was also possible to calculate the percentage of 
salicylate compound by dividing the slope of sali- 
evlic acid by the grams per gram of salicylic acid in 
the salicylate and multiplying by the absorbancy. 


71.43 
Gm./Gm. salicylic acid 
Gm./ml. salicylate 


Absorbancy X 


T T T T T 
Salicyisalicylic Acid 
Solicylic Acid 
Methy! Salicylate 
Sodium Solicylote 
Succiny! Salicylate 
Acetylsalicylic Acid 
Pheny! Salicylate 
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6 
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Or if one prefers to determine the absorbancy of a 
standard simultaneously while determining the 
Gm_./Gm. salicylate, one needs a salicylic acid stand- 
ard solution 


Gm./ml. salicylic acid X 
Absorbancy /Gm./Gm. salicylic acid 
=> 
Absorbancy standard 
Gm./ml. salicylate compound 


To establish the reproducibility of this method, a 
series of determinations were made using phenyl 
salicylate. Phenyl salicylate was selected because, 
as an ester of salicylic acid, it required the additional 
hydrolysis procedure not required by salts, thus in- 
troducing greater possibility of error either through 
incomplete hydrolysis, interference in color develop- 
ment by the phenol liberated by hydrolysis, or 
through possible destruction or loss of the salicylic 
acid 

The procedure used was that previously set forth 
for the determination of phenyl salicylate. Results 
of these determinations gre given in Table II. 

From these determinations it is apparent that the 
reproducibility of the method is within +1°% of the 
oretical. 


DETERMINATION OF SALICYLIC ACID 


Ampuls 

Sodium Salicylate.—Five milliliters of solution 
containing 2.0 Gm. of sodium salicylate was accu 
rately diluted to 250 ml. and 5 mi. of this solution 
was further diluted to 100 ml. Of this final dilu 
tion, 5-ml. aliquots were pipetted into 50-1. volu 
metric flasks and the color developed as directe«’ 
under Sodium Salicylate. Results are given in 
Table IIL. 


TABLe II 
Absorbancy Theoretical, 
at 525 mu % 
0.182 j 100 
0.180 4 
0.181 100 
0.181 100.: 
0.181 5 100 
0.180 9. 9 99.7 
0.182 j 100 
0.181 2 100.25 
0.181 2 100.25 
0.181 100.25 
0.181 5 100.2 
100.: 
100 
100.2 
100 
100.2 
100.2 
100.2 
100 
101 
100. 
100.2. 
100 
100 
100 
101 
100 
100 
100 
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Theoretical, 

we. M1. Found % 
19.94 09.7 
19.94 99.7 
19.94 99.7 
19.94 
19.94 99 
19.94 9g 
20.02 100. 
20.10 100. 
19.85 99.2 
19.04 99.7 


Elixir Sodium Salicylate N. F. 

Ten milliliters was diluted to exactly i L., and 10 
ml. of this solution was further diluted to 100 ml. 
Aliquots of 10 ml. of the final dilution were pipetted 
into 50-ml. volumetric flasks and the color developed 
as before. Results are given in Table IV. 


} 
Taste IV 


Theoretical, 
ug. /MI1. Found % 
20 100.10 

7.03 100 
7.03 100 
100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 


Theobromine Sodium Salicylate Tablets 

Grind 20 tablets to a fine powder and weigh the 
equivalent of 0.3 Gm. of salicylic acid into a 500-ml. 
volumetric flask. Dissolve in water and dilute to 
volume. Transfer 20 ml. into another 500-ml. volu- 
metric flask and again dilute to volume. Transfer 
15 ml. to a 50-ml. volumetric flask and add 5 ml. of 
ferric nitrate reagent; dilute to volume and deter- 
mine the absorbancy at 525 my. Consistent and 
uniform results of the same magnitude as found in 
the determination of other salicylates were obtained. 

This method may be conveniently applied to the 
determination of acetylsalicylic acid in APC (as- 
pirin, phenacetin, and caffeine) tablets by extract- 
ing and hydrolyzing as directed under Salicylsali- 
cylic Acid, or it may be used on the bicarbonate ex 
tract in Holt’s (8) method of separation of the APC 
ingredients. 


SUMMARY 


The violet color of the ferric salicylate complex 
is applied to the colorimetric determination of 
salicylates in pharmaceutical compounds and 
preparations. The maximum spectral absorp- 
tion occurs at 525 my and solutions of the com- 
pound conform to Beer's law. Methods are 
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given for the determination of salts and esters. 
The latter require alkaline hydrolysis to liberate 
pH is a factor in the development 
and stability of the color, the most favorable 
range being from pH 4.0 to 6.0. Generally, pH 
adjustment is not required since the great dilu- 
in the determination of 


salicylic acid, 


tions usually necessary 
salicylates in pharmaceutical compounds usually 
bring the solution within the optimum range. 
Aliquots containing from 10 to 25 yg. of salicylic 
acid per ml. produce an absorbancy well suited 


for colorimetric determination on a Coleman 14 
within 


spectrophotometer. Reproducibility 
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A Polarographic Study of Some Veratrum viride 
Alkaloids*. 


By E. J. WALASZEK and A. PIRCIO 


The results of a study of the polarographic behavior of jervine, veratramine, and 
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+ 1.0 per cent is attained. The method may be 
readily and conveniently applied to the deter- 
mination of salicylate in mixtures such as theo- 
bromine sodium salicylate and in APC tablets. 
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veratrosine dissolved in a mixture of alcohol and a suitable buffer solution are re- 
ported. The method described was designed for later application to a study of the 
metabolism of the Veratrum viride alkaloids, but it demonstrates that polarographic 
analysis may be utilized satisfactorily in alkaloidal determination if the pure alkaloids 


are present in uncontaminated solutions. 


The Veratrum viride alkaloids investi- 


gated yielded characteristic reduction waves in at least two stages in the pH range 


A DETAILED polarographic study of alkaloids 
had not been reported in the literature 
until the work of Kirkpatrick (1). His investi- 
gations have clearly established that the method 
utilized in 
therefore, 


of polarographic analysis may be 
alkaloidal analysis. It 
to employ the polarographic technique in the 
study of the metabolism of the Veratrum viride 
alkaloids, which is being out at the 
present time in our laboratory. However, 
before attempting to make use of this technique 
for the development of a method of determining 
these particular alkaloids in biological tissue 
and fluid, it was deemed advisable to study their 


was decided, 


carried 


polarographic behavior in pure solution. 
The present paper is concerned with the polaro- 


graphic examination of the alkaloids, jervine, 


veratramine, and veratrosine. 


* Received September 27. 1951, from the Department of 
Pharmacology. University of Chicago, Chicago, Ill 

+ This work was done under a contract between the Atomic 
Energy Commission and the University of Chicago, and in 
part under a grant from the Medical Life Insurance Research 
Fund 


studied. 


EXPERIMENTAL 


Apparatus, Materials, and Method 

A Sargent Model XII polarograph, equipped with 
a conventional dropping mercury cathode assembly, 
was used for the polarographic measurements. The 
cell arrangement employed was that described by 
Lingane and Laitinen (2). All the work was done 
at room temperature. The capillary was a 7.1 
em. length of marine barometer tubing and had the 
following characteristics: m = 1.963 mg. per 
second and ¢ = 2.36 sec., with the capillary dropping 
into the supporting electrolyte at open circuit; the 
head of mercury was $l cm. Oxygen was removed 
from all solutions polarographed by passing purified 
nitrogen for fifteen minutes. A trace of methyl red 
(0.1 ml. of 0.1°) methyl red T. S. per 10 ml.) was 
added to the solutions to eliminate the maxima 
Polarograms were taken at 1/20 sensitivity unless 
otherwise indicated. All measurements were made 
with respect to a mercury anode. 

Half-wave potentials were measured in the usual 
manner, with all values being calculated with re- 
spect to the saturated calomel electrode. 

The alkaloids were isolated from a commercial 
sample of ground, dried roots of Veratrum viride' by 


' Kindly supplied by Irwin, Neisler and Co., Decatur, Ill 
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the method of Craig and Jacobs (3). The purified 
alkaloids gave the following melting points: 


Jervine, 240-241° (uncorr.) 

Veratramine, 208-209 (uncorr.) 

Veratrosine, softened at 234° and melted at 242° 
(uncorr. ) 


The buffer solutions used were prepared by mixing 
solutions of 0.1 M citric acid and 0.2 M disodium 
phosphate. The pH of all buffer solutions was 
checked with a Beckman Model G pH meter. Polar- 
ograms of the buffers showed no appreciable amount 
of reducible material before buffer breakdown. The 
solutions which were polarographed were prepared 
in the following manner: a known amount of the 
electroreducible alkaloid was dissolved in 0.7 ml. of 


TABLE I. 


No. of 
H Waves 


Jervine 


Veratramine 


Veratrosine 
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ethyl alcohol. Nine milliliters of the buffer was 
added to this solution and the entire mixture diluted 
to 10.0 ml. 


Results and Discussion 


The polarographic data are given in Table I. 
The alkaloids, jervine, veratramine, and veratro- 
sine, were found to be reducible over the entire pH 
range examined. 

Current-voltage curves of these alkaloids over the 
pH range 2.2 to 5.2 have been constructed (Figs. 1, 
2, and 3). In strongly acid solution, jervine yields 
one wave (Fig. 1, curve /) which is surmounted by a 
maximum. As the pH of the solution is increased, 
two waves are formed (Fig. 1, curve //) and wave A 
is displaced to a more negative potential. As the 
pH is raised to 4.2, and finally 5.2, the potential of 


Errect or pH on Eo., AND ig OF JERVINE, VERATRAMINE, AND \VERATROSINE 


Concn., 
mM 


1 


MICROAMPERES 


CURVE il! 
pH 4.2 


iL iL. 


“130 “150 


“125-147 0 


Ea, voits 
Fig. 1.—1 X 10~* M Jervine in buffer solutions. 


| 
32 ~1.27 2.48 
—1.48 2 50 
2 l —1.24 0.20 
—1.46 2 68 
5.2 2 —0 88 | 
32 -1.21 1.92 
3.2 3 —0.79 016 
—1.23 0.57 
—1.@ 1.08 
4.2 3 ' 1.08 
—1.25 0.25 
—1.44 1.34 
3.2 1.65 | 
3.2 2 -0 78 | 
—1.31 1.60 
—0.84 0.19 
1.60 
| —1.39 1 66 | 
&. 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol. XLI, No. 5 


CURVE 
pH 3.2 


MICROAMPERES 


1.80 


CURVE ill 
pH 4.2 


CURVE IV 
pH 5.2 


8 
i i i rx 
-082 “122 “1.42 “L26-144 O “1.44 


Ea, volts 


Fig. 2 


1.0 M Veratramine in buffer solutions, 


MICROAMPERES 


CURVE 
pH 4.2 


Fig. 3. 


wave A remains practically constant while that of 
wave B is displaced to a more positive potential ( Fig. 
1, curves //] and 

In the case of veratramine in strongly acid solu- 
tion there occurs just one wave (Fig. 2, curve /). 
When the pH of the solution is increased, wave A is 
displaced to a more negative potential, and at the 
same time it diminishes in height with the appear- 
ance of two other smaller waves, B and C (Fig. 2, 
curve // Wave B is surmounted by a maximum 
At pH 4.2 three waves are still found (Fig. 2, curve 
111), but as the pH is increased to pH 5.2, waves B 
and C vanish completely (Fig. 2, curve /V) so that 
just wave 1 is present 


Ea, volts 


1.0 * 10°* M Veratrosine in buffer solutions. 


In strongly acid solution, as in the case of the first 
two alkaloids discussed, veratrosine yields one wave 
(Fig. 3, curve 7). With increase of pH, wave A is 
preceded by a much smaller wave, B (Fig. 3, curves 
JI and IIT) and at the same time wave A is displaced 
to a more negative potential. At pH 5.2, wave B 
disappears with only wave A appearing (Fig. 3, 
curve /V) 

In all three cases the main wave (A) immediately 
precedes the rapid rise in current due to the decom- 
position of the supporting electrolyte. 

Since Ei’, varies with pH, hydrogen ions are in 
volved in the electrode reaction. The fact that 
more than one wave appears in the pH range 3.2 to 
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o2 os oe os oe or os 
CONCENTRATION (x10°*) 
Fig. 4.—Calibration curves for pure jervine (1), 
veratramine(I1), and veratrosine(III) at a sensi- 
tivity of 1:2 


4.2 indicates that at least two reactions are occurring 
in the reduction of these alkaloids. The group re- 
sponsible for these reduction waves is believed to be 
the carbonyl group conjugated to a double bond 
which has been postulated to be a part of the main 
nucleus of the veratrum alkaloids (4, 5) 

For quantitative work, reduction waves were 
studied at pH 4.5. The appropriate concentration 
ranges and height of waves are given in Fig. 4 
These data show that a quantitative analysis of 
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these alkaloids can be had when they are present in 
pure solution. 


SUMMARY 


1. Jervine, veratramine, and _ veratrosine 
vield characteristic reduction waves over the 
pH range studied. 

2. The reduction of these alkaloids proceeds 
in at least two stages. In the case of jervine 
and veratrosine, one or two waves are observed 
according to pH of solution, while one or three 
waves are observed with veratramine. 

3. Quantitative determination of each alka- 
loid can be attained polarographically when 
each alkaloid is present in pure solution. 
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Synthesis of Mersalyl Analogs*.’ 


WILLIAM O. FOYE, HEMANT M. KOTAK, and JOHN J. HEFFERREN 


The synthesis of a series of new organo-mercurial diuretics analogous to mersalyl 
is described. The differences in structure include the presence of other aromatic 


rings than benzene, and sulfonamide rather than carbonamide linkages. 


The com- 


pounds produced some diuretic activity, but a comparison with commercial com- 
pounds is difficult because of solubility problems. 


T= INTRODUCTION of mersalyl, or Salyrgan, 

as an effective diuretic by Brunn (1) in 1924 
has led to the synthesis of a variety of other types 
of mercurial diuretics but not to a great deal of 
analogous structures. A series of mercurated 
alkyl amides of dibasic phenylene acids has been 
reported by Tabern (2) however, as well as some 
mercurated pyridine carbonamides by Hartmann 
(3). 
ported the testing of a large number of compounds 


Robbins and Chen (4) have also recently re- 


of which the most promising was the mersalyl 


* Received November 29, 1951, from the School of Pharm- 
acy, University of Wisconsin, Madison 

+ Abstracted from the thesis presented to the Graduate 
School of the University of Wisconsin by Hemant M. Kotak 
in partial fulfillment of the requirements for the degree of 
Master of Science, January, 1951. 

t Wisconsin Alumni Research Foundation Fellow, 1950 
1951 Present address Dadiseth Bungalow, Siri Road, 
Malabar Hill, Bombay, India 


analog bearing a hydroxyethoxy group in place of 
methoxy. 

It appeared desirable to prepare compounds as 
possible diuretics which contain less potent toxo- 
phores than the benzene nucleus, and accord- 
ingly, several thiophene, as well as naphthalene, 
analogs of mersalyl have been prepared. The in- 
clusion of sulfonamide rather than carbonamide 
linkages also seemed desirable and convenient. 

Since the fact has been established that mer- 
curials having the configuration R—Hg*tOH- 
are severely necrotizing, it has been generally 
found that compounds of the structure R—Hg— 
N— and R—Hg—S— have much less irritant ac- 
tion and toxicity. Because the local irritant ac- 
tion of the organo-mercurials appears propor- 
tional to the reactivity of the mercury, the com- 
pounds prepared are of the R—Hg—C= type, 


= 
i 
— 
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which might be expected to show less irritant 
action, but also lower therapeutic activity. 

Since no detailed directions for the synthesis of 
mersalyl were found in the literature, it was first 
necessary to work out a procedure for its prepara- 
tion. 


PROCEDURE 


Due to the low yields usually experienced on mak- 
ing acid chlorides of hydroxy acids, the allyl amide 
of salicylic acid was prepared by reacting allyl iso- 
thiocyanate with the free acid. The oxyacetic acid 
group was readily substituted using chloroacetic 
acid, and the mercuration ran smoothly using mer- 
curic acetate, but the oily product was crystallized 
only after prolonged scratching under distilled water 
The mersaly! analog of 2-hydroxy-3-naphthoic acid 
(1) was obtained using the same procedure, except 
that formation of the allyl amide was achieved in 
better yields through the acid chloride. When 1- 
hydroxy-2-naphthoic acid was subjected to these 
reactions, the yields were much lower. 


COOH 
CO—NH—CH:—CH 


¢ O-CH; 


(1) 


a 
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on treatment of the diester with the required amount 
of alcoholic potassium hydroxide. This was possible 
because the potassium salt of the half ester is in- 
soluble in ethanol. The formation of the allyl amide 
and mercurated derivative was readily achieved to 
give an amido ester which could be hydrolyzed to the 
free acid (IV) by gentle treatment with aqueous 
potassium hydroxide without removal of the mer- 
cury. The product, when freshly prepared, was 
soluble in dilute sodium bicarbonate solution. 

The naphthalene analog was given intravenously 
to dogs in a dose of 0.75 mg. Hg per Kg. of body 
weight, and the diuretic effect ' expressed as increased 
urine output over normal for a three-hour period in 
ce./Kg. of body weight was 2.5, which compares 
favorably with commercial diuretics. It was neces- 
sary to introduce the thiophene analogs directly into 
the small intestine of the dogs in order to by-pass the 
stomach, but indications of diuresis were seen in each 
instance. The acute oral toxicities in rats, expressed 
as median lethal doses + standard errors, are pre- 
sented for these compounds ( Table 1), but have lim- 
ited usefulness because oral administration of 
mercurials is generally unsatisfactory. 


CH,—-Hg--OCOCH, 
OC2H, 


5 


OCH, 


(11) 


The preparation of a thiophene analog of mersaly] 
involved first the formation of the allyl amide of 2- 
thiophenesulfonic acid. It was hoped that the mer- 
curated product (11) would be alkali-soluble because 
of the remaining hydrogen atom on the amide 
nitrogen. This, however, was not the case. This 
synthesis was also complicated by the fact that a- 
mercuration of the ring took place at elevated tem- 
peratures. To avoid these difficulties the allyl sul- 
fonamide of 2-thenoic acid was prepared and mer- 
curated (IIL). To avoid destruction of the carboxyl 
group on mercuration, according to the equation: 


R— COOH — R—COOHg—OOC— CH, 
HgOOC—CH, + CO, 


the ethyl ester was employed, and the mercurated 
ester sulfonamide was found soluble in dilute sodium 
hydroxide. On treating with excess dilute alkali, or 
heating, however, degradation took place with loss of 
mercury from the molecule. Attempts to hydrolyze 
the ester without affecting the mercury linkage were 
unsuccessful 

An acidic solubilizing group on a thiophene analog 
of mersalyl was introduced, however, by first pre- 
paring the half-acid ester of 2,5-dicarboxythiophene 


(111) 


OCH, 


EXPERIMENTAL? 


N-Allylsalicylamide.—Salicyclic acid (55 Gm.) 
and allyl isothiocyanate (50 Gm.) were refluxed for 
twenty hours, the mixture was vacuum distilled, and 
the distillate from 130-140° was collected. The 
yellow oil was purified by dissolving in ether and ex- 
tracting with dilute bicarbonate and then dilute 
sodium hydroxide. The latter extract was neutral- 
ized, and the yellow oil was taken up in ether, dried, 
and distilled. The yield was 17.6 Gm. (25°). 

o-(N-Allylcarbamyl)-phenoxyacetic Acid. The 
amide (8 Gm.) from the previous step was reacted 
with chloroacetic acid (4.5 Gm.) in the presence of 
sodium hydroxide (5 Gm. in 60 ml. of water). The 
mixture was refluxed for one hour and then neu- 
tralized. The product appeared as an oil, but be- 
came crystalline on prolonged scratching. It was 


! We are indebted to Drs K. K. Chen and E. B. Robbins of 
the Lilly Research Laboratories for the reports of the diuretic 
activity of these compounds 

* The carbon-hydrogen analyses were carried out by the 
Clark Microanalytical Laboratory, Urbana, Ill. The mer 
cury analysis was that described for assay of mersaly! in the 
U_S Pharmacopeia, Fourteenth Revision 
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recrystallized from dilute methanol to give 4.3 Gm 
(40°, ) of product melting at 118-119°, which agrees 
with the reported value (5). 

o - [N - (y - Acetoxymercuri - 3 - methoxypropy] )- 
carbamyl|-phenoxyacetic Acid.—The o0-(N-allyl 
carbamy! )-phenoxyacetic acid (3 Gm.) in methanol 
(30 ml.) was mixed with mercuric acetate (4 Gm.) in 
methanol (60 ml.) and allowed to stand overnight 
The product separated as an oil, and after the meth 
anol was decanted, the oil was ground under water 
until it became crystalline. The yield was 3.3 Gm. 


Caled. for 

Found: Hg, 43.0. 

2-Hydroxy-3-N-allylnaphthoylamide. The so 
dium salt of 2-hydroxy-3-naphthoic acid (10 Gm.) 
was suspended in dry benzene (50 ml.) and treated 
slowly with thionyl! chloride (10 ml.). The reaction 
was stirred for an hour at room temperature, the 
sodium chloride was filtered and washed with ben- 
zene, and the excess thionyl chloride and benzene 
were removed under reduced pressure. The acid 
chloride was obtained as a yellow crystalline mass in 
a yield of 85°) (8.4 Gm.), m.p. 95-96° 

The acid chloride (8.4 Gm.) was dissolved in dry 
benzene (50 ml.) and treated with an excess of allyl 
amine (3 Gm.) dropwise with constant swirling 
After allowing the reaction to cool for an hour, the 
solution was washed with water and extracted with 
10°; sodium hydroxide. On neutralization, 8.3 Gm. 
(88°; ) of the amide was obtained, m. p. 118- 119° 

2-Oxyacetic Acid-3-N-allylnaphthoylamide. — The 
2-hydroxy-3-N-allylnaphthoylamide (6 Gm.) was 
dissolved in 40 ml. of water containing sodium hy- 
droxide (2.2 Gm.) and treated with chloroacetic acid 
2.5 Gm.) in 20 ml. of water. After heating on a 
water bath for an hour, the reaction was neutralized, 
and the precipitate was taken up in ether. The 
ether solution was extracted with dilute alkali and 
the extract was neutralized to give a colorless prod- 
uct, which, after recrystallization from absolute 
methanol, weighed 1.1 Gm. (15°, ), and melted at 
206-207°. 

Anal.—Caled. for C, 67.47; H, 
Found: C, 66.81; H, 5.45 

2-Oxyacetic Acid-3- |N - (+ - acetoxymercuri - - 
ethoxypropyl )|-naphthoylamide (I). solution of 
the previous amide (5.1 Gm.) in absolute ethanol 
(25 ml.) was heated to boiling, and a hot solution of 
mercuric acetate (5.7 Gm.) in ethanol was added 
After remaining at room temperature overnight, 
most of the solvent was removed under reduced 
pressure, and the resulting oil was scratched under 
distilled water until crystallized. The yield was 5.5 
Gm. (40 

Anal.—Caled. for CoH 
3.93. Found: C, 39.81; H, 3.59. 

2-Thiophenesulfonyl Chloride.—Chlorosulfonic 
acid (100 Gm.) was cooled by an ice-salt bath, and 
thiophene (25 Gm.) in 50 ml. of chloroform was 
added gradually with stirring. After two additional 
minutes, the reaction was poured into ice, and 50 ml 
more of chloroform was added. After vigorous stir 
ring, the chloroform layer was washed well with 
water and saturated salt solution, and dried over cal- 
cium chloride. The solution was distilled under re- 
duced pressure, the sulfonyl chloride distilling at 
125-130° at 15 mm. It crystallized on cooling to 


CyHywO;NHg: Hg, 41.4. 


5.26. 


C, 40.71; H, 


Screntiric Epirton 


give 22 Gm. (44°, ) of glistening needles, m. p. 32 
33°, which agrees with the reported value (6) 

2 - N - Allylthiophenesulfonamide.._2 - Thio- 
phenesulfony! chloride (22 Gm.) dissolved in 30 ml 
of dry benzene was treated drop by drop with allyl 
amine (10 Gm.) in 20 ml. of benzene with frequent 
swirling. After allowing the reaction to stand for 
three hours, the benzene solution was washed with 
10°, hydrochloric acid and distilled water. The 
sulfonamide was then extracted with 10°, sodium 
hydroxide, and on neutralization, white crystals 
were collected, washed with water, and dried. The 
yield was 21 Gm, (85°, ), m. p. 54-56°. 

Anal.— Caled. for C;HyNO.S,: C, 41.35; H, 4.46 
Found: C, 41.58; H, 4.43 

2 - |N - (y - Acetoxymercuri - 3 - methoxy- 
propyl )|-thioph (II).—The thio- 
phenesulfonamide (5 Gm.) was dissolved in 30 ml. of 
dry methanol, and a hot solution of 7.8 Gm. of mer 
curic acetate in 70 ml. of methanol was added 
gradually. The mixture was heated for several 
hours on a steam bath and then allowed to stand 
overnight. After evaporation of the solvent, a vis 
cous mass was obtained which crystallized after pro 
longed scratching under distilled water. A yield of 
6 Gm. (50°7)) was obtained 

Anal. Caled. for C, 24.31; H, 
3.06. Found: C, 22.92; H, 2.65 

2-Thenoic Acid and Thiophene-2,5-dicarboxyliz 
Acid. The procedure of Campaigne and Foye (7) 
was used to prepare these acids both of which were 
obtained in yields approximating 80%. 

Ethyl 2-Thenoate and Diethyl Thiophene-2,5- 
dicarboxylate. — The esters were readily prepared in 
yields of 85-90% by the Fischer-Speier method 
The ethyl! 2-thenoate boiled at 115-116° at 16 mm 
and the dicarboxy ester melted at 50-51°. 


ia 


Acute ORAL TOXICITIES OF THE 
MERSALYL ANALOGS 


TABLE I 


Compound LDw + S. E., Mg./Kg 
I + 156 
Il 128+ 19 
Ill 741+ 983 
IV + 180 


2-Carbethoxy-5-thiophenesulfonyl 
Ethyl 2-thenoate (10 Gm.) in 50 ml 
was reacted gradually with an excess of chlorosul- 


Chloride. 


of chloroform 


fonic acid (50 Gm.). After refluxing gently on a 
steam bath for one-half hour, the reaction mixture 
was poured into ice, and the chloroform layer was 
washed with water and dried. The product was dis- 
tilled under reduced pressure, b. p. 180-185° at 15 
mm., and 6.5 Gm. (40°, ) of the oil was obtained 

2 - Carbethoxy - 5 - N - allylthiophenesulfon- 
amide.—-To the sulfonyl chloride (6.5 Gm.) in 25 
ml. of dry benzene was added gradually an excess of 
allyl amine (2 Gm.) with cooling between additions. 
Afte: cooling for an hour, the benzene solution was 
washed with water and then extracted with 10° 
sodium hydroxide. White crystals were obtained on 
neutralization and were washed repeatedly with 
cold water. The yield was 5 Gm. (71°); m. p. 
150-152° 

Anal.—Caled. for CiHiNOS:: C, 43.62; H, 
4.76, Found: C, 42.82; H, 4.04. 
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steps 


C.H,00C CONH—CH,;—CH 


OCH, 


CONH—CH,—CH—CH; 


HOOC 


OCH, 
(IV) 


Eq. 1. 


2 - Carbethoxy - 5 - |N - (y - acetoxymercuri - 3- 
methoxypropy] )|-thiophenesulfonamide (III). The 
ester sulfonamide (5 Gm.) obtained in the previous 
step was boiled in methanol (30 ml.) and treated 
with a hot solution of mercuric acetate (5.6 Gm.) in 
methanol (60 ml.), whereupon immediate precipita 
tion took place. After standing for twenty hours at 
room temperature, the mixture was diluted with 50 
ml. of water and filtered. The yield of white solid 
was 7.6 Gm, (75°); m. p. 166-167 

tnal.—Caled. for C, 27.58; H, 
3.38. Found: C, 27.41; H, 3.52 

2-Carbethoxy-5-thenoic Acid.—Dicthyl  thio- 
phene-2,5-dicarboxylate (9.5 Gm.) was dissolved in 
5) ml. of absolute ethanol, and to the vigorously 
stirred solution was gradually added 2.4 Gm. of 
potassium hydroxide in 50 ml. of ethanol. The 
potassium salt of the half ester precipitated in a few 
minutes. The stirring was continued for two hours, 
ind the product was filtered, dissolved in water, and 
precipitated by dilute hydrochloric acid. The half 
acid ester was taken up in ether, extracted with 
dilute bicarbonate, and reprecipitated with dilute 


wid. After washing with water and drying, 7 Gm. 
83°,) of colorless solid was obtained, m. p. 140 
142 


2-Carbethoxy-5-thenoyl Chloride. The half-acid 
ester (9 Gm.) was suspended in an excess of thionyl 
chloride (25 ml.), and the solution was refluxed 
gently for one-half hour. The product was distilled 
under reduced pressure, boiling at 132-135° at 10 


mim., and melting at 38-40°. The yield was 8 Gm. 
o) 
2-Carbethoxy-5-N-allylthenoylamide.— The allyl 


amide was easily prepared in the usual manner using 
allylaminein benzene. The product, after recrystal- 


lization from benzene, was obtained in 92% yield 


and melted at 117-118 
Anal.—-Caled. for CyHyNOS: C, 55.21; H 
5.47. Found: C, 5524: H, 5.65 


2 - Carboxy - 5 - {N - (y-hydroxymercuri - 
methoxypropyl )| -thenoylamide (IV). The mercura 
tion took place in the usual manner to give an oil 
which was crystallized by scratching under cold 
water. The white crystals were obtained in 76% 
yield and melted at 99-101 

The mercurated ester 
pended in 50 ml. of water, and potassium hydroxide 
(2.5 Gm.) was added gradually with stirring. The 


umide (6.5 Gm.) was sus 
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COOH 


C.H,0OC—< > 
KOH Ss 


2 steps 


Hg( OAC)» 
- C,H,OOC , 


CH,—CH 


O—COCH; 
CH,OH 


CONH CH, 


Hg—OH 


-Synthesis of 2-Carboxy-5-| 


compound formed a solid plastic mass, but dissolved 
on gradual heating. The solution was cooled, 
filtered, and neutralized with dilute acetic acid to 
give a white precipitate. The yield was 3 Gm 
(50°?) of solid, soluble in dilute sodium bicarbonate, 
which had no sharp melting point, but softened at 
143°. 


Anal.—Caled. for CyH,NO sSHg: C, 26.11; H, 
2.4 Found: C, 25.94; H, 2.35. 


SUMMARY 


1. Detailed directions for the synthesis of 
mersalyl and several naphthalene and thiophene 
analogs are presented. Use has been made of 
both carbonamide and sulfonamide linkages to 
join the mercurated portion of the molecule with 
aromatic nuclei. 

2. The following new compounds have been 
2-hydroxy-3-N-allyinaphthoylamide, 
2-oxyacetic acid-3-N -allyInaphthoylamide, 2-oxy 


prepared: 


acetic 
py]) |-naphthoylamide, 2-N-allylthiophenesulfon- 
2-|N-(y-acetoxymercuri-8-methoxypro- 
2-carbethoxy-5-N- 


amide, 
|-thiophenesulfonamide, 
allylthiophenesulfonamide, —2-carbethoxy-5-[N 
(y-acetoxymercuri-3-methoxypropyl)| thio- 
phenesulfonamide, 2-carbethoxy-5-thenoie acid, 
2-carbethoxy-5-N-allylthenoylamide, 2-carboxy 
5-[N (y-hydroxymercuri-3-methoxypropy)) | 
thenoylamide. 

3. The mercurated compounds were found to 
possess diuretic activity but only the naphthalene 
diuretic was sufficiently soluble in alkali to be ad 
ministered intravenously. 
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The Determination of Histamine in Pharmaceutical 
Products by Means of 2,4-Dinitrofluorobenzene* 


By FLOYD C. McINTIRE 


A simple, precise, and highly reproducible 
method is presented for the determination of 
histamine in pharmaceutical histamine prepa- 
rations. This method is based upon the for- 
mation of the very stable N-a-(2,4-dinitro- 
phenyl!) histamine from the reaction between 
histamine and 2,4-dinitrofluorobenzene. 


METHODS presently employed by 
control laboratories for the determination 
of histamine in pharmaceutical histamine prepa- 
rations leave much to be desired with respect to 
precision, reproducibility, and stability of the 
The method pre- 
sented here has been found to have a high degree 
The histamine 


colored histamine derivatives. 


of precision and reproducibility. 
derivative upon which this method is based is 
very stable. 
simplification of a method for the determination 
of histamine in biological materials (1); the 
chemistry and specificity of the method were dis 


The procedure which follows is a 


cussed in the earlier publication. 


REAGENTS 


(a) 2,4-Dinitrofluorobenzene (DNFB) [prepared 
by the method of Cook and Saunders (2)| dissolved 
in absolute alcohol—0.15 ml. of DNFB in 25 ml. of 
alcohol. A fresh solution should be made each 
week. DNFB melts at 30° and is most conveniently 
measured volumetrically in the liquid state 

(+) Low-copper water—distilled water which has 
a very low content of Cu** or Cu’ 

(c) Sodium diethyldithiocarbamate (Eastman) 
(NaDi), 0.04 7, 6.84 mg./ml., in low-copper water. 

(d) Carbonate buffer, 6H ~10.2, in low-copper 
water, prepared by mixing equal volumes of \/ 
sodium carbonate and M sodium bicarbonate. 

(e) Hydrochloric acid, 0.11 N in water 

(f) Benzene, analytical reagent grade. 


PROCEDURE 


Dilute the sample to be analyzed for histamine 
with low-copper water, carbonate buffer, and NaDi 
solution to give a final solution which contains 20- 
100 yg. of histamine base per ml. and which is 0.1 
M to the carbonate ion and 0.004 M to NaDi (buf- 
fered histamine solution). To 1 ml. of the buf 
fered histamine solution add 1 ml. of DNFB solu- 
tion end mix well. After twenty minutes at room 
temperature, dilute the histamine-D NFB mixture to 
20 ml. with the 0.11 Vv aqueous hydrochloric acid. 
In a separatory funnel extract the acidified solution 
with an equal volume of benzene. Measure the op 
tical density of the aqueous phase at 358 my 


* Received November 8, 1951, from the Research Division, 
Abbott Laboratories, North Chicago, Ill 


With each set of determinations, a reaction blank 
and at least two different concentrations of histamine 
standard should be run. Figure 1 shows the re- 
lationship between the optical density reading and 
histamine concentration in the final solution. These 
are data from a typical experiment and indicate 
the high degree of reproducibility of the method 

There is a possibility of interference by suf- 
ficiently high concentrations of phenol. In the as 
say of extremely dilute histamine preparations 
which contain phenol as a preservative, it may be 
necessary to remove most of the phenol by extract 
ing the sample with benzene or ether before pro 
ceeding with the assay 


1.20 , 


358 mya 


> 
= 
= 
= 


Histamine Base, Micrograms per Ml 


Fig. 1.—Relationship between histamine concentra- 
tion and optical density reading. 


CALCULATION 


The final solution represents a dilution of 1 — 20 
from the buffered histamine solution. Therefore: 


Original concentration of his-\ _ 
tamine base in’ sample = 
Final concentration calculated . 
20 
( from optical density reading x x 
factor in =) 


histamine solution 


For example, a U. S. P. histamine diphosphate 
solution, which was diluted 1 — 25 in the buffered 
histamine solution and which gave an optical dens- 
ity reading corresponding to 2 yg. of histamine base 
per ml., would contain 2 * 25 & 20 yug., or 1 mg., of 
histamine base per ml. of the original solution 
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A Colorimetric Assay for Pilocarpine and Its Salts* 


By JOHN W. WEBB,+ RAY S. KELLEY,{ and ARTHUR J. McBAY$ 


Shupe’s colorimetric method for the determination of pilocarpine has been found 
appli ‘cable, with modifications, to the quantitative determination of pilocarpine 
hydrochloride and pilocarpine nitrate. A comparison of the results obtained on com- 
mercially available samples by this method with those obtained by both a micro- 
Kjeldahl! determination and the A. O. A. C. method indicates the suitability of this 


A qualitative test for pilocarpine was first 

developed by Helch (1) in 1902. This 
test is based on the property of pilocarpine to 
form a violet-colored compound in the presence 
of slightly acid hydrogen peroxide and potassium 
dichromate. This  violet-colored compound ts 
soluble in chloroform and in benzene. It is 
not to be confused with the blue perchromic 
acids formed by peroxide and dichromate in 
strong acid media. The latter are insoluble in 
benzene and in chloroform. The Helch test, 
with benzene as the solvent, is official in the 
United States Pharmacopeia as an identity test 
for pilocarpine and its salts. 

Most of the quantitative assays for pilo- 
carpine and its salts have serious disadvantages. 
Any volumetric assay of pilocarpine in an aqueous 
medium will offer difficulty, since pilocarpine 
and its salts when present in the same solution 
constitute a buffer system. The A. O. A. C. 
assay is of this type with methyl red as the indi- 
cator. The volumetric method has other dis- 
alkaloid is freely soluble in 
water, thus making its extraction with chloroform 
difficult; the alkaloid deteriorates in 
amounts of alkali; 
by oxidation ; 


advantages: the 


excess 
it is subject to decomposition 
prolonged heating at a tempera- 


ture above 100° or the presence of moisture may 


cause decomposition; and the assay requires a 


considerable amount of time. 
An assay for nitrogen by the Kjeldahl method 
may or may not serve as an accurate assay for 


pilocarpine, for the pilocarpine could be partly 


decomposed and still have the proper nitrogen 
content. 

The Helch test (1) has been modified by Shupe 
(2) in his development of a quantitative colori 


* Received August 31, 1951, 
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metric assay. 


In his modification, pilocarpine is 
extracted from an ammoniacal solution of one of 
its salts and is then treated to develop the color. 

Since pilocarpine is easily decomposed, it was 
believed that an assay of pilocarpine salts could 
be developed in which the liberation of the un 
stable free base could be avoided, 

Higuchi and Concha (3) titrate pilocarpine 
hydrochloride and pilocarpine nitrate in glacial 
acetic acid with perchloric acid, 
violet and a-naphtholbenzein, 
indicators. 


using methyl 
respectively, as 


EXPERIMENTAL 


In 1903, Jowett (4) reported the absorption spec- 
tra of pilocarpine and pilocarpine nitrate; on the 
basis of this work, direct readings of the ultraviolet 
absorption spectra of pilocarpine aud pilocarpine 
salts were attempted. 

Both pilocarpine and pilocarpine nitrate showed a 
maximum in their respective absorption curves, but 
with the concentrations of pilocarpine hydrechlo- 
ride used, no maximum could be found. Since 
ultraviolet absorption curves of the alkaloid and 
the two commonly used salts seemed to offer no 
possibility of correlation, this method of assay was 
discontinued in favor of one in which a color is de- 
veloped. With certain modifications the 
selected was that employed by Shupe (2) 

Shupe has stated that the violet color which was 
developed by his method of assay has its greatest 
density at a wave length of 560 my. Figure 1 shows 
the absorbance wave-length curve of the violet 
color. Inspection of the curve indicates that the 
optimum wave length is 560 mu. 


assay 


PROCEDURE 


The alkaloid and two of its salts were investigated. 
Each was dissolved in water so as to make a con- 
centration of about 2 mg./cc. Aliquots representing 
2, 4, and 6 mg. of the sample were placed in 125-cc 
separatory funnels, and water was added to make a 
total volume of 5 cc. To each sample was added 
1 cc. of 20°) acetic acid, 10 cc. of chloroform, 1 cc 
of 5°% potassium chromate solution, and 2 cc. of 3% 
hydrogen peroxide. The mixtures were immedi- 
ately extracted with chloroform. Extraction was 
performed by shaking the mixture for ninety sec- 
onds. The chloroform phase was filtered through 
cotton into a 25-cc. glass-stoppered volumetric flask. 
The process was repeated with each sample with a 
10-ce. and then with a 5-cc. portion of chloroform. 
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Absorbance 


525 575 625 
Wave Length in Millimicrons 
Fig. 1.-Absorption spectrum of the violet-colored 
pilocarpine perchromate (4.9 mg. of pilocarpine /cc. ) 
Beckman spectrophotometer, l-cm. cell, slit width 
0.2 mm. 


The total chloroform extracts were brought to 
the 25-cc. mark in the volumetric flask and mixed 
well, and the intensity of the violet color was meas- 
ured in a l-cm. cell by means of a Beckman spec- 
trophotometer set at a slit width of 0.2 mm. and ata 
wave length of 560 my. 

As stated by Shupe (2), the color is sensitive to 
light; therefore the best results are obtained when 
readings are made as soon as possible after the 
color development so as to avoid errors from tem- 
perature changes and evaporation. 


Tasie |.—Assay RESULTS 


Colorimetric 
Method, 
Pilocarpine, 


- 
Method, 
Pilocarpine, 
56.50 56.34 
Pilocarpine HCI I 8080 80.17 
Pilocarpine HCI II 84.81 83008 
Pilocarpine HNO. 76.17 76. 17° 


Pilocarpine 


Kjeldahl method gave 83.66°, 

+A U.S P. sample of pilocarpine nitrate assayed by the 
method was used as a standard for the colori 
metric method 


A. 0. A. C 


The violet color of the compound, characterized 
by Biedebach (5) as pilocarpine perchromate, fades 
when the pH is lowered and is eventually replaced 
by the blue of the perchromic acids. The optimum 
pH, 2.9, has been established, and may be obtained 
by using the specified concentration of acetic acid 
It has also been established that at the optimum 


Screntiric Epirion 


10 


Absorbance 


- 


2 4 
Concentration of Pilocarpine in 
Milligrams 
Fig. 2.— Absorbance-concentration curve for pilo- 
carpine. Beckman spectrophotometer, l-cm. cell, 
wave length 560 my, slit width 0.2 mm. 


pH the absorbance-concentration curve, Fig. 2, 
adheres to Beer's law. 

The results of the assay of the three most com- 
mon forms of pilocarpine are presented in Table I. 


SUMMARY AND CONCLUSIONS 


1. A method has been described for a direct 
quantitative colorimetric assay of pilocarpine, 
pilocarpine nitrate, and pilocarpine hydrochloride. 

2. The colorimetric method has the following 
advantages: 

(a) The difficulty in the A. O. A. C. method 
of determining the end point is eliminated. 

(b) This method requires less time than either 
a Kjeldahl or the A. O. A. C. method. 

(c) The formation of the unstable alkaloid 
is avoided. 

(d) The reagents need be only of approxi- 
mate strength. 

(e) Determinations of pilocarpine present in 
weak concentrations may be made. 
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The Determination of Carvone in 


Oil of Spearmint* 


The time required by the official method for 
determining the carvone content of spear- 
mint oil can be considerably shortened by 
using a modified apparatus incorporating a 
magnetic stirrer. spectrophotometric 
method is also presented, using solutions of 
different concentrations of carvone in “car- 
vone-free” spearmint oil and diluting with 95 
per cent ethyl alcohol; a graph can thus be 
prepared by plotting concentration against 
absorbancy at the wave length of maximum 


absorption. 
A‘ UTRAL 


scribed in the U. S. P 


METHOD of assay is de 
XIV (1) for the deter 
mination of the carvone content of spearmint oil. 


SULFITE 


when using the 
P. XI\ In 


addition to the long time required, there is a 


is a time-consuming assay 


equipment described in the U. 5 


possibility of loss of some of the volatile constit 
uents of the oil during the assav. Such a loss 


of material would, by the assay procedure de 
This would 


carvone 


scribed, be calculated as carvone. 


result in a higher apparent content. 


Ihis paper serves two purposes: first, to de 
scribe a modified apparatus that shortens the time 
required to complete the assay by as much as 
minimizes the possibility of loss of 
the 


and second, to show the 


ou per cent 


any volatile constituents, and simplifies 
operation of the assay ; 
results of a preliminary study of the carvone con 
tent of spearmint oil by means of an ultraviolet 
spectrophotometer 

Cooke and Macbeth (2) reported that carvone, 
when dissolved in puritfiedethanol, has two absorp 
maxima the one of intensity 


tion 


oceurs at 255.5 mu, while a much weaker maxi 


mum occurs at 317.5 mu. 

A pure sample of carvone was prepared by the 
Cooke and Macbeth (2) 
Phis puritied carvone was used to determine the 
alcohol at 
It was also mixed with definite amounts 


method described by 


molecular extinction coefficient in 


235 
of specially prepared carvone-free spearmint oil 


to approximate, as closely as possible, natural 


spearmint oi containing a known amount of 


earvone The absorbancies of carvone in these 


standardized spearmint oil solutions were deter 
mined and used to prepare the standard curve 


for carvone im spearmint oil shown in Fig. 2 
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THE NEUTRAL SULFITE METHOD 
Apparatus 


Figure | shows the complete modified apparatus 
for the determination of carvone by the neutral 
sulfite method. A standard 100-ml, Pyrex volu- 
metric cassia flask was modified by rounding the 
hottom of the flask. This permitted using a regu- 
lar 100-ml. Glas-Col heating mantle. The standard 
taper ground neck was replaced by one of larger 
size (14/20), into which was fitted a 10-cm. water 
jacketed condenser. Just above the water jacket 
on the condenser, a small curved air vent may be 
Into the top of the condenser, fitted with a 
standard taper 12/30 ground joint, a small drop 
ping funnel was placed with the tip extending into 
the condenser below the air vent. The dropping 
funnel was made from a 50-ml. distilling flask to 
which a standard Pyrex stopcock was attached 
The reaction mixture was stirred continually during 
the heating period by means of a magnetic stirrer 
The temperature of the heating mantle was shown 
by a pyrometer and regulated by a Powerstat vari- 
able transformer. The total height of the apparatus, 
as pictured, was 68 em 


seen 


Procedure 


The neutral sulfite method as given by the U.S. P 
XIV (1) was followed. The results of analyses of 
four samples of spearmint oil, using the apparatus 
described in the U. S. P. XIV and the modified 
apparatus shown in Fig. 1, are shown in Table I 
Oil samples 3 and 4 were both very old and had 
not been stored properly 


SPECTROPHOTOMETRIC STUDY 


A Beckman Model DU spectrophotometer was 
used for the spectrophotometric study. A pair of 
1.000-cem. matched silica cells was used. The slit 
opening was set at 0.75 mm. and the temperature 
ot the room in which the measurements were made 
was controlled at 24-25°. All volumetric measure 
ments were made at 20°. 


Materials 


Solvent.—The ethyl alcohol used as a solvent 
was purified by a method given by Leighton, Crary, 
and Schipp (3) wherein the ethyl alcohol U. S. P 
was refluxed with 12 N sulfuric acid and distilled, 
and then was refluxed with potassium hydroxide 
and silver nitrate, and again distilled. 

Carvone.—A commercial sample of carvone' was 
purified by the method used by Cooke and Macbeth 
(2), in which a carefully fractionated sample of 
carvone was converted into the hydrosulfide deriva- 
tive. The ketone was regenerated from this deriva 


The carvone was obtained from Fritzsche Bros., Inc., 
New York, N. Y 
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TaBLe I.—CARVONE PERCENTAGE IN SAMPLES OF 
SPEARMINT OBTAINED U.S. P. XIV AND 
Mopiriep APPARATUS 


Sample No 1 3 

U. &. P. 55.0 if dl 
it 538 
55.0 53 
8.5 49.5 52 


Modified 


tive by treatment with alcoholic potassium hy 
droxide followed by steam distillation. The car- 
vone had the following properties: m?f 1.4985; 
d?¢ 0.9626. These values compare favorably with 
those given by Guenther (4). 

A commercial sample of carvone was used be 
cause of its availability. Although this carvone 
was obtained from caraway oil and was the d-isomer, 
it was adequate for the purposes of this study, since 
optical isomerism does not influence the ultraviolet 
absorption. 

Carvone-Free Spearmint Oil. —The neutral sulfite 
method given by Guenther (5) was used to remove 
the carvone from a sample of spearmini oil. The 
procedure and equipment were adapted to a 150-ml 
sample. The unreacted oil from this reaction was 
separated from the aqueous solution, washed with 
water, and dried over Drierite. The oil was fil- 
tered, and was stored ina Pyrex glass-stoppered flask 
The density of this oil was 0.8781 (d?¢). A sample 
containing 28.1 y/ml. in ethyl alcohol when ex- 
amined in the spectrophotometer showed no ab- 
sorption peak, but only a gradual increase in trans- 
mittance from 228 my to 255 my 


Procedure 


Determination of Carvone in Standardized 
Samples of Spearmint Oil.—The samples were pre 
pared by weighing (to the nearest 0.1 mg.) definite 
amounts of carvone and mixing with exact amounts 
of the carvone-free spearmint oil. The percentage 
(v/v) of carvone in these solutions was calculated by 
using the densities of the carvone and the carvone 
free oil. These solutions were diluted by measuring 
1.0 ml. of the standard sample with a Normax- 
grade delivery pipette and diluting to 250.0 ml. with 
purified ethyl alcohol. One milliliter of this pri- 
mary dilution was then diluted to 250.0 ml. This 
results in a 1:62,500 dilution of the standard sample 
and brings the carvone to a concentration that may 
be readily measured by the spectrophotometer. 
The absorbancies of these solutions were deter- 
mined at 235 my and are shown in Table Il. These 
absorbancies plotted against percentage (v/v) gave 
the standard curve shown in Fig. 2. 

The percentage of carvone in the spearmint oils 
used in the neutral sulfite method was determined 


TABLE II 
ADDED TO 


VALUES DETERMINED FOR CARVONE 

CARVONE-FREE SPEARMINT OIL FROM 

TRANSMITTANCY AT 235 my 

Carvone As 
47.62 4622 
53.53 5114 
59.93 
65.03 5969 
66.34 6108 


Screntiric Eprrion 


Fig. 1.-- Neutral sulfite method 


fied apparatus 


Showing the modi- 


by means of the spectrophotometer. The spearmint 
oils were diluted, as were the standard samples 
The absorbancies of solutions were deter- 
mined. When applied to the standard curve in 
Fig. 2, the following carvone concentrations were 
obtained: sample No. 1, 52.857; No. 2, 68.0°; 
No. 3, 47.6%; No. 4, 47.7% 

An alcoholic selution of carvone-free spearmint 
oil was prepared, representing the concentration of 
nonearvone constituents in a sample of spearmint 
oil containing 60° carvone. It showed 96.7°% 
transmittancy, or an absorbancy of 0.0146. 

Cooke and Macbeth (2) reported that pure car- 
vone in alcohol at 235 my has a log € 4.28 (log of the 
molecular extinction coefficient). A sample of pure 
carvone, prepared for this study, was diluted with 
purified ethyl alcohol to make four different con- 
centrations ranging from 7.9 y/ml. to 198 y/ml. 
The absorbancies of these solutions were determined 
and the following values for log «€ were obtained: 
3.953, 3.953, 3.954, and 3.952. 


these 


DISCUSSION 


The results obtained by using the modified ap- 
paratus for the neutral sulfite method are com- 
parable with the results obtained with the equip- 


ment described in U. S. P. XIV (1). In most 
samples, the percentages of carvone obtained were a 
little lower using the modified apparatus. This 
may be due to the loss of some of the more volatile 
constituents of the oil when using the standard 
apparatus. 
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Absorbance v 


70 
Per Cent Carvone 
Fig. 2.—-Spectrophotometric method. A standard 
curve showing the relationship of percentage (v/v) 
of carvone to absorbancy at 235 my. 


The spectrophotometric study shows that an as- 
say for carvone in spearmint oil could probably be 
developed. <A standard curve similar to the one 
shown in Fig. 2 would probably be most practi- 
cable. Such a curve would take into account the 
varying effect of the noncarvone portion of the oil. 
This effect upon the apparent absorbancy of the 
carvone would be greater in those oils having a 
lower carvone content. This would explain the 
higher values for log « from the oils with lower per- 
centages of carvone 

By calculating the percentage of carvone in the 
spearmint oil sample No. 1 from the absorbancy ob- 
tained in this study, using the value log « 4.28, we 
find 25.8) as compared with 52.8°, using the 
standard curve in Fig. 2. If instead of log « 4.2! 
the value log « 3.954 is substituted, the concentra- 
tion of carvone in this oil would be 54.7°). From the 
data thus far obtained, it would appear that log « 


Vol. XLI, No. 5 


for carvone in alcohol at 235 my is much closer to 
3.95 than it is to 4.28. 

Many more samples of spearmint oil and of car 
vone in alcohol must be checked before a satis- 
factory assay procedure using the ultraviolet spec- 
trophotometer is developed and before log « for 
carvone is definitely established. 


SUMMARY 


An improved apparatus for the determination 
of carvone in spearmint oil by the neutral sulfite 
method has been developed. By using this 
equipment, the time required to complete the 
assay is greatly shortened, the loss of volatile 
constituents of the oil during the assay is pre- 
vented, and the operation of the assay is simpli- 
fied. 

A spectrophotometric method of determining 
the carvone content of spearmint oil has been 
studied. A standard curve was prepared showing 
percentage carvone concentration versus absorb- 
ancy at the wave length maximum absorption, 
235 my. The percentages of carvone in four 
samples of spearmint oil when determined from 
this curve were lower than those determined by 
the U.S. P. XIV method. 

preliminary showed that 
log € 3.954 for carvone in alcohol at 235 mp, when 


investigation 


used to calculate the percentage of carvone in 
spearmint oil, gave a value that was much closer 
to the actual percentage than if the reported 
value of log € 4.28 was used. 

Investigation of this subject is being continued. 
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Note 


A Note on an Apparatus for Prolonged and Repeated 
Intravenous Infusions in Large Animals*: 


By LAWRENCE E. DETRICK and BONNIE RHODES{ 


and repeated infusions into the 
external jugular vein, with the usual indwelling 
polyethylene catheter apparatus, was accompanied 
by considerable difficulty. A fine white precipitate 
formed within the capillary tubing which occluded 
the flow of the nutrient solution administered at a 
rate of 25 cc. per hour with 125 cm. hydrostatic 
pressure. A leather collar for external protection 
was not satisfactory. Both of these difficulties were 
overcome by a slight modification of the indwelling 
venous catheter apparatus reported by Aurin and 
Herrmann (1). 

Figure 1 illustrates the modification made in pre- 
viously reported catheters that overcame the compli- 
cations encountered. Polyethylene tubing! (A) 
has an i. d. of 0.03 in. and an o. d. of 0.049 in., 


at the syringe adapter end (threads = '/, in. 
diameter x 28 tip). A corner of the needle has been 
perforated to anchor the assembly to the neck skin 
with steel wire. Stylet (D) is made of nylon “‘fish- 
ing leader” (o. d. = 0.021 in.), with one end embed- 
ded in a rubber stopper (stopper for a '/,-cc. vial) 
which tightly closed the syringe adapter end of needle 
(C) and can be seen protruding from (£) and at- 
tached to (C). The needle cap (£) is machined 
from bar stock aluminum, tapped to fit threads on 
(C) and the edges knurled as illustrated. The 
indwelling catheter assembly intact is shown (//) 
threaded into the open slot of a 15-gauge hypoder- 
mic needle (see cross sections J and J). A some- 
what similar venipuncture needle has been reported 
for clinical use (2), 


Figure 1 


fits tightly over the shaft of hypodermic needle 


(C), and is from 5'/, in. to 5'/, in. long. Tubing 
(B) has an i. d. of 0.045 in., an o. d. of 0.062 in., a 
length of 0.75 in. and fits tightly over both the metal 
needle shaft and tubing (4). The hypodermic 
needle (C) is a Becton-Dickinson 19-gauge needle 
with a metal shaft length of 0.5 in. and is threaded 


* Received October 16, 1951, from the Division of Phar 
macology and Toxicology. Atomic Energy Project School of 
Medicine, University of California, Los Angeles 

+ This article is based on work performed under Contract 
No. AT-04-1-GEN-12 between the Atomic Energy Com 
mission and the University of California at Los Angeles. — 

t We wish to express our appreciation for the courtesies 
and assistance extended by Becton, Dickinson and Co., 
Rutherford, N 

Supplier 
Mass. 


J 
Suprenant Mfg. Co., 172 Sterling St., Clinton, 


The stylet (D), rubber stopper, and cap (£) 
when in place between injection periods assure a 
patent capillary tube for repeated infusions. An- 
choring the needle to the skin, and closure of the 
cannula by cap (£) served for a simple yet effective 
external protection. 

Sixteen rabbits have been catheterized without 
and 37 with the catheter assembly described. When 
the assembly with the solid stylet was used, no 
occlusions formed within the tubing following 11 
daily injections or 11 injections plus a fourteen-day 
recovery period. 

REFERENCES 
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Book Reviews 


Texthook of Organic Chemistry. ed. By 
Georce Homes Ricurer. John Wiley & Sons, 
Inc., New York, 1952. vii + 762 pp. 15.5 
x 23.5em. Price $6.75 
Dr. Richter believes that “ the beginning textbook 

must be comprehensive enough to cover the broad 

outlines of the subject (of organic chemistry), and 
the treatment of the material intensive enough to 
provide the expected proficiency.”” His book repre- 
sents a good attempt to satisfy the requirements, 
especially with regard to the breadth of its scope 

All the included text material is good, but some of it 

may not be easily understood by some beginners 
rhe book is well written and the text should hold 

the interest of the student, especially when the 
author swings into such topics as octane ratings of 
gasoline, the newly added biosynthesis of sugars, the 
practical applications of organic compounds, etc 
Among the newer products discussed are: silicon 
polymers, DDT, 2,4-D, benzedrine, chloromycetin, 
cortisone, vitamin E, paludrine, phenothiazine, 
penicillin, and thiouracil. Many medicinal com 
pounds are mentioned without indicating synonyms 
or official names. Benzedrine is mentioned, but 
not amphetamine (d/, d, /) or dexedrine; paludrine, 
but not chloroguanide hydrochloride. Thiouracil 
is mentioned, but not propylthiouracil. However, 
this book is intended for the students of a general 
course in organic chemistry rather than as a coordi- 
nated text in a pharmacy curriculum. It should 
serve its intended purpose well, since the third edition 
has been brought quite up to date by the inclusion 
of new material not so adequately treated in the 

1943 edition. For example, the synthesis of 

several isotopically tagged compounds is described, 

and the mechanism of reactions of unsaturated 


systems is treated theoretically. In addition, 
several new types of reactions have been introduced, 
and optical nomenclature of sugars and amino acids 
is stressed. 


Untoward Reactions of Cortisone and ACTH. By 
Vincent J. Derspes and Tuomas E. Welss. 
Charles C Thomas, Publishers, Springfield, IIL, 
1951. ix + 77 pp. 14.5 x 22.5 em. Price 
2.25. 

The untoward reactions that may result from 
poorly directed, promiscuous or prolonged use of 
cortisone and ACTH have been collected in this 
concise book. These therapeutic agents are rela- 
tively new and the periods of observation of their 
clinical behavior is correspondingly limited. Some 
of the earlier noted untoward reactions have now 
been utilized for beneficial therapy. 

The physiologic responses initiated by the ad- 
ministration of cortisone and ACTH are reviewed 
briefly. The untoward, and in most cases un- 
desirable, reactions that have been noted in the 
literature are presented under the following divi- 
sions: Glands of Internal Secretion, Electrolytes, 
Cardiovascular System, Infections, Musculoskeletal 
System, Changes in Skin, Subcutaneous Tissues 
and Mucous Membranes, Central Nervous System, 
and Gastrointestinal Tract. 

Careful selection of patients and close attention 
to details can be expected to minimize most un- 
toward reactions except in patients who require 
excessively large doses of cortisone or ACTH over 
prolonged periods to control disease. The methods 
of treatment for patients showing untoward re- 
actions to these drugs are cited. A bibliography of 
96 references and a subject index are included. 
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Chemical Calculations. By Stpney W. BENSON. 
John Wiley & Sons, Inc., New York, 1952. xi 
+217 pp. 15x 23cm. Price $2.95 

Inorganic Pharmaceutical Chemistry. 5th ed. By 
CuHaRLes H. RocGers, Tarro O. Sore, and 
CHARLES ©. Witson. Lea & Febiger, Philadel- 
phia, 1952. 850 pp. Illustrated. 16.5 x 24 
em. Price $10. 

Vinyl and Related Polymers. By Catvin E. 
SCHILDKNECHT. John Wiley & Sons, Inc., New 
York, 1952. xi + 723 pp. Illustrated. 15.5 x 
23.5em. Price $12.50 

The British Pharmaceutical Codex 1949, Supplement 
1952. Published by direction of the Pharma- 
ceutical Society of Great Britain. The Pharma- 
ceutical Press, London, 1952. xii + 148 pp 

14.5x 23cm. Price 25s. 


RECEIVED 


284 


The Mitotic Cycle. By ArtHuR HucGues Aca- 
demic Press, Inc., New York, 1952. viii + 232 
pp. Illustrated. 16x 25.5cem. Price $6. 

Scientific and Technical Abbreviations, Signs and 
Symbols. 2nd ed. By O. T. ZrmMeRMAN and 
Irvin Lavine. Industrial Research Service, 
Dover, N. H., 1949. xiv + 541 pp. 21.5 x 15 
em. Price in U.S ,$8; Foreign, $9 

The Physiological Foundation of Dental Practice. 
By L. L. Lanciey and E. Cueraskin. C. V. 
Mosby Company, St. Louis, Mo., 1951. 511 pp. 
Illustrated. 18 x 25.5cem. Price $8.25. 

Folic Acid and Its Pharmaceutical Application 

Caleo Technical Bulletin No. 729. American 

Cyanamid Company, Caleo Chemical Division, 

Bound Brook, N. J., 1951. 28 pp. 21.8 x 28 

cm. 
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How many of these 


POTASSIUM THIOCYANATE 


features are 
important to you? 


It is an all-synthetic product. 


Crystals* are colorless, transparent, and 
odorless. 


It is readily soluble. 


You have uniform quality and scheduled 
availability for Baker controls all raw 
materials. 


Precise process control insures high 
chemical purity. 


Containers are moisture-resistant fiber 
drums, equipped with polyethylene 
liners and tight-top covers to safeguard 
against pick-up of atmospheric moisture. 


It is packaged in convenient 225, 100, 
50 and 25 pound fiber drums. 


*Picks up moisture Should be kept in tightly closed containers. 


You, too, will want to discover the superiority 
of Baker Potassium Thiocyanate in the Reagent 
and N.F. Crystal grades. 


Drug manufacturers, one after another, in- 
vestigated its seven features—made compara- 
tive tests—and decided that this all-synthetic 
Potassium Thiocyanate had qualities that 
would, in turn, give their products superiority. 


Users of Baker Potassium Thiocyanate, N.F. 
appreciate the assay of 99°) plus and the un- 
usually low indices of arsenic and heavy metals. 
‘Baker Analyzed’ Reagent grade is chosen par- 
ticularly for its low iron, chloride and sulfate 
content. When compounding medicinals re- 
lated to arterial hypertension, these features of 
Baker Sodium and Potassium Thiocyanates are 
particularly important. 


Check every one of the seven Baker features. 
Determine for yourself how many of these 
features are important to you. Then ask for 
samples and prices. 


The comparative tests will be your best guide 
to value. 


Address: J. T. Baker Chemical Co., Executive 
Offices and Plant, Phillipsburg, New Jersey 


Bake 


Baker Chemicals 


REAGENT + FINE + INDUSTRIAL 
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Bottles used for preparation, storage or 
shipment of pharmaceuticals and anti- 
biotics can be an expensive item if they 
break easily, are attacked by contents 
or cannot withstand repeated steriliza- 
tion. That is why it will pay you to 
standardize on tough, durable PYREX 
Brand Bottles. 

Made from glass No. 7740, PYREX 
Brand Bottles are unusually resistant to 
physical and thermal shock. Repeated 
sterilization is possible. Chemically 


CORNING GLASS WORKS, CORNING, N. Y. 


Brand Bottles 


inert and resistant to chemical attack, 


there is no danger of product loss or 
contamination through change in pH. 
Long service life is assured. 

Especially designed for pharmaceuti 
cal operations, PYREX Brand Bottles 
are available in standard sizes ranging 
from 60 ml to 12 gallons. Bottles can be 
made for special purposes such as in- 
travenous preparations. Let us know 
your requirements. Your inquiries will 
be promptly handled. 


VISIT THE NEW CORNING GLASS CENTER @) 
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